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А new genus (Dalhousia) containing two new species (D. globosa and D. harrisi), and а 
new species of Fluvidona (F. centralia) are described from Dalhousie Springs in northern 

South Australia. Allozyme data from 77 populations are presented and used to justify the 

separation of the two species. Dalhousia is the sister group of Fonscochlea from the Lake 

Eyre Supergroup springs but differs from that genus in females having a single sperm 

pouch. Species of Fluvidona are otherwise found in streams and rivers, mainly in south 
eastern Australia, F. centralia being the only species known from central Australia. The 
anatomy of the three species is described and a summary of their variation, based on shell , 

measurements and allozymes, is presented. 

Introduction "s 
SE are many artesian springs associated with the Great Artesian Basin (GAB) іп South 
ES (Ponder, 1986; Boyd, 1990) and they are of great interest, biologically, limnologically and 
Po SE Their considerable conservation significance has been recognised (Harris, 1981, 1993; 

T er, 1985, 1986, 1995; DEST, 1994). 
ҚАНЫН groups of artesian springs аге associated with the section of the GAB in South 
[mre 1a. The largest group, the Lake Eyre Supergroup (Habermehl, 1982; Ponder, 1986), lies in a 

SM nning roughly south west between Marree and Oodnadatta. The other major group, Dalhousie 
ARS comprises approximately 80 springs in a small area (about 70 km?) of far northern South 
1982. ae Which together have the largest natural discharge of water from the GAB (Habermehl, 

Sg E 1989). Aspects of their history, biology, limnology and geology are described in Zeidler 

Ge er (1989). The springs contain а number of endemic aquatic animals, including fishes 
No р О, Crowley & Ivantsoff, 1990), amphipods (Zeidler, 1989, 1991) and hydrobiid 

Gs Gr 5 (Ponder, 1989 and herein). The latter are by far the most abundant and conspicuous of 
e етіс aquatic invertebrates, as is the case in other GAB artesian springs (see below) and also 
a Ss Spring systems іп the Americas (e.g. Hershler, 1985; Hershler and Landye, 1988; Hershler 
1994) а, 1987). These snails are generally associated with long-term permanent water (Ponder, 

E See on the hydrobiid snails of the Lake Eyre Supergroup springs demonstrated considerable 

d ogical and genetic diversity (Ponder et al., 1989; in press) and hydrobiids from springs 
Clated with the Queensland part of the GAB have been described by Ponder and Clark (1990). 

PORTS survey of Dalhousie Springs was undertaken in 1985, the results presented in Zeidler and 
Ke Іп а review of the aquatic molluscs of Dalhousie, Ponder (1989) recognised an 
€ m ed fauna of “at least six species of hydrobiid snails” based on gross shell differences, but 
Be a SE variable shell morphology encountered in the springs. Major differences in shell 

BETEN Shape were noted between populations inhabiting different environments, even associated 
dub п mele spring. Preliminary morphological analysis indicated that standard techniques were not 

© distinguish putative taxa. A second major survey of the fauna was undertaken in 1990 to 
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collect material for electrophoretic examination. In all, 77 samples were subsequently analysed. 
These results, combined with an analysis of shell measurement data for most of these samples, are 
presented here. Aspects of the genetic results obtained from the Dalhousie samples, particularly 
relating to gene flow, have been published elsewhere (Colgan and Ponder, 1994). 

In this paper three taxa are described, two congeners (the common snails found in the springs) are 
separated using allozyme differences, and a third is a member of a separate genus (Fluvidona) and is 
restricted to a few small seepages and cold outflows. 

Material and methods 

Collection. Material was collected by hand from many springs and each collection site for the 

Figure 1. Map of Dalhousie Springs showing the springs from which samples were obtained for this study 
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material used in the genetic analysis is listed in Appendix 1 (see also Ponder, 1989 for overall 
locality details). Latitudes and longitudes have been calculated using a GIS system (Maplnfo ver. 

3.01; Mapping Information Systems, 1985-1991), after digitizing the spring details based on the 
locality map in Zeidler and Ponder (1989, fig. 2). The spring numbers used follow Zeidler and 

Ponder (1989) and are shown in Fig. 1. 

Morphology studies. Dissection and preparation of material for SEM were by standard methods 
(Ponder er а!., 1993). Morphological observations presented here for the three new species are based 
Оп the type populations. The majority of populations have also been examined in less detail to 
confirm the main anatomical characters and a summary of their shell measurements and ratios are 

presented (Appendix 2). 
Shell measurements were obtained using the methods described by Ponder ef al. (1989), those 

Parameters measured being listed below. The number of opercular pegs was counted only in the 
Species of Fluvidona, those in the new genus being too ill-formed in many specimens to count 
accurately. In the statistics given in each description male and female shell measurements have been 
Pooled and the range of morphology taken from the total pool of data available for that locality. 
hese are given separately in the measurement tables presented for each type lot and in Appendix 2 

(Tables 2 and 3). Statistical analysis was, performed using SYSTAT (Wilkinson, 1992). Material is 
held in the South Australian Museum, Adelaide (SAM) and the Australian Museum, Sydney (AMS). 

Abbreviations used in tables of measurements: 
AL — shell aperture length; AW — shell aperture width; BW — length of last (body) whorl of shell; 

Cv - convexity ratio of penultimate whorl of shell; OL — length of operculum; OS - length of white 
орегсшаг smear; OW — width of operculum; PH - height of longest opercular peg; PL — length of 
area occupied by opercular pegs; PN — number of opercular pegs; SL — shell length; SW — shell 

Width; TW — number of teleoconch whorls. 

Electrophoresis. Standard methods for cellulose acetate electrophoresis were used (Richardson et al., 

1986; Hebert and Beaton, 1989; Ponder et al., 1991). Snails were homogenized in about 20 pl (10 ul 
for small individuals) of buffer, providing enough sample for up to 12 gels. Where more than one 
locus encoding the same enzyme was found, they were designated numerically in order of decreasing 
mobility, Allozymes identified for each locus within a species are designated in the same way. The 

enzymes scored for each species, together with abbreviations, Enzyme Commission Numbers, and 
the number of loci are listed in Table 1. The computer package BIOSYS-1 (Swofford and Selander, 
1989) was used to assist analysis. 

Table 1. The numbers of interpretable loci. The columns give the enzyme name, its abbreviation, E.C. number and the 

number of interpretable loci for: A, Dalhousia spp.; and B, Fluvidona. 

ENZYME ABBREVIATION E.C. NO. A B 

Alcohol dehydrogenase ADH 1.1.1.1 1 
Ikaline phosphatase ALEP 3.1.3.1 1 1 
Spartate aminotransferase AAT 2.6.1.1 2 2 

Enolase ENO 42.1.11 1 1 
Esterase EST ЫН! 3 B 
Fumarate hydratase FH 4.2.1.2 1 
-Galactosidase GAL 3.2.1.23 1 

Glycerol-3-phosphate dehyd. GPD 1.1.1.8 І 1 
lucosephosphate isomerase GPI 5.3.1.9 1 1 
lutamate-pyruvate transamin. GPT 2.6.1.2 1 

Hexokinase HK 2.7.1.1 1 
Hydroxybutyrate dehydrogenase HBDH 1.1.1.30 1 
Isocitrate dehydrogenase IDH 1.1.1.42 2 2 
Leucine aminopeptidase LAP 34.11 1 
Malate dehydrogenase MDH 1.1.1.37 2 2 
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Mannosephosphate isomerase MPI 5.3.1.8 1 1 

Peptidases: Phe-Pro substrate PPR 34.11 1 1 

: Leu-Ala substrate LAL 3.4.11 1 

: Leu-Leu-Gly substrate LGG 34.11 2 

Phosphoglucomutase PGM 5.4.2.2 2 2 

6-Phosphogluconate dehydrog. 6-PGDH 1.1.1.44 1 1 

Sorbitol dehydrogenase SDH 1.1.1.14 2 2 

Triosephosphate isomerase ТРІ 5.3.1.1 1 1 

UDP glucose pyrophosphorylase UDPG 2.1.1.9 1 1 

Results 

Taxonomy 

Three new species in two genera, one new, are described below, as are the electrophoretic results 

confirming the status of these species. 

Dalhousia n. gen. 

Type species: Dalhousia globosa n. sp. 

Diagnosis: Hydrobiids with simple, smooth, imperforate, broadly ovate to conic shell, with simple 

aperture and lacking external varix. Operculum with weakly to moderately-developed pegs on inner 

side and radula with two laterally placed basal cusps on central teeth. Female genital system with 

single globular, posteriorly-located medium-sized sperm sac and posteriorly elongated coiled oviduct. 

Male with long, tapering (whip-like) penis. Stomach with horn-like process on upper edge of 

posterior chamber and lacking obvious caecum. 

Description: Shell (Figs 2А-С, F-H, 3-5) simple, smooth, imperforate, broadly ovate to conic, with 

simple oval aperture and lacking external varix. Protoconch (Fig. 6A,B) of about 1.5 whorls; 

sculptured with irregular, shallow pits. Operculum (Fig. 7A-E) thin, flat, with white smear and 

weakly to moderately-developed pegs on inner side. Body heavily pigmented (mainly black), cephalic 

tentacles with narrow, median-dorsal unpigmented line (corresponding to line of dorsal cilia) and 

narrow unpigmented zone at base of tentacles. Mid-dorsal strip of cilia rather weakly-developed and 

set in a narrow, shallow groove (Fig. 8B,C); three more strongly developed cilial strips ventrally, two 

ventro-lateral and one mid-ventral (Fig. 8A,B). Snout (Fig. 9A-D) with little or no cilia dorsally: 

some cilial tufts latero-ventrally. Labial area weakly papillate, papillae with very short cilia-like 

processes (Fig. 9D). 

Anatomy generally similar to Fonscochlea (Ponder et al., 1989). Columellar muscle short and 

wide. Ctenidium large, with numerous broadly triangular filaments, posterior end usually slightly 

overlapping anterior edge of pericardium. Osphradium oval, short, behind middle of ctenidium. 

Hypobranchial gland very narrow, weakly to moderately developed. Rectum straight or slightly 

arched in pallial cavity, with longitudinally orientated faecal pellets and, usually, partially 

overlapping pallial oviduct glands. Radula (Fig. 10) with 2 pairs of basal cusps on central teeth; 

otherwise typical of family. Stomach (Fig. 11) with characteristic "horn"-like process on upper edge 

of posterior chamber with caecum rudimentary or absent. Renal organ protruding partly into pallial 

roof, renal opening usually with white lips, renal gland longer than wide. Prostate gland (Fig 

12A,B) broadly oval, much higher (i.e. dorso-ventral dimension) than thick, mostly visceral, with 

pallial vas deferens opening near posterior pallial wall. Penis (Figs 12С, 13) long, tapering, whip" 

like, with pointed distal end. Penial duct (Fig. 12C) undulating in small, moderately expanded basal 

section, straight in long distal part. Female reproductive system similar to Fonscochlea but with only 

a single globular sperm sac (Fig. 14, sps). Coiled oviduct (Fig. 14A,B, co) with simple, U-shaped 

proximal part, long posterior extension, wrapped around sperm sac in S-shaped coil; proximal part 

— _ 
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Figure 2. Shells of. Dalhousia species and Fluvidona centralia. A-C,F.G. D. harrisi. AMEDEE) Ge 4 
Spring Cal3A; F.G, Spring Са? (station C643). D,E. F. centralia. D, holotype; E, lower o (station D62). H, D. globosa, holotype. Scales 0.5mm. 
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Re 
D 

бе 
sia globosa. А. Spring Cal (station D26), B. Spring Cal (station D. Figure 3. oM eR Gita Cala (station D24), Е. Spring A1 (station D4A), С. Spring S humi 

46), C, D. Spring Са! 
Cb2 (station D51). 

: ining stored sperm (Fig. 14C,D, sp); duct to sperm sac ve of this EEN Pallial oviduct simple, with or without distinct (Fig. 14, Se (Fig. 14А,В, ро). Nervous system typical of family, See suboesophageal ganglion abutting left pleural ganglion. conn 

Ty short. Common duct 
glandular zones, opening 

with long supra-oesophageal 

ks. The anatomy of the new genus is generally similar to that descri Remarks. bed in detail for other 
Australian hydrobiids (Fonscochlea Ponder et al., 1989; Tatea Ponder et al. us , 1991; and Fluvidona 
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Ponder et al., 1994). However, Dalhousia differs from these genera, and other hydrobiid genera, in 
the combination of characters listed in the diagnosis. Most similar to Fonscochlea, the new genus 

can be readily distinguished by its apomorphic single sperm sac and very elongate penis. When 

Superimposed on the cladogram produced by Ponder and Clark (1990) Dalhousia is the sister taxon 

to Fonscochlea. 

Dalhousia globosa n. sp. 

Figs 2H, 3, 6А,В, 7А,В, 8C, 9A, I0B-D,F, 11B, 12A,C, 13A, 14A,C, 16A,C,D, 22, 23, 24. 

Ponder, 1989, figs 11.1F, 11.2B,C,G. 
Etymology. Globosa — globus, globulus, Latin — ball, sphere. 

Type locality. Cal, the main spring (Earwanyera Spring), Dalhousie Springs, South Australia. 

Collection details of type material. Stn. С641В-С, Spring Cal, 26°24'29"S 135°31'08"E, on rocks & 

Wood from shallow water. 28/5/1983, Coll. W. Ponder & W. Zeidler. 

Holotype, SAM, D18937, paratypes, SAM, 18938, AMS, C.201743(C641B), C.201750(C641C). 

Diagnosis: Typically with large, globose shell. Distinguished electrophoretically from the next species 

ч having very high frequencies of the LAP 2, РОМ-2 3, SDH-1 1 and SDH-2 2 allozymes, and a 

igh frequency of the GPI 2 allozyme. 

Description: Shell (Fig. 2H, 3). Shell opaque, small (1.7—4.6 mm in length, mean in type series 4.1), 
roadly conical to globose, SW/SL 0.67-0.97 (overall mean 0.79, 0.77 in type series), AL/SL 0.46- 

-69 (mean 0.55), sutures impressed, whorls usually narrowly shouldered. Protoconch (Fig. 6A,B) of 

about 1.5-1.6 whorls, minutely punctate. Teleoconch of 2.8-4.2 (mean 3.3) strongly convex whorls, 

Sutures impressed; sculpture of indistinct growth lines. only. Aperture slightly longer than wide, AW/ 

AL 0.78-1.06 (mean 0.92, 0.94 in type series), angled posteriorly. Peristome with sharp edge, 

Moderately thickened internally, entire, with inner lip attached to parietal wall. Colour (imparted by 
Periostracum) pale yellow to yellow-brown. There is no significant sexual dimorphism in shell size 

1n the type population. 

Dimensions of holotype. 

" SL SW AL AW BW TW 
Olotype 4.16 3.35 2.36 2.06 3.45 3.2 

Dimensions of specimens from paratype series 

Female, N=13 
vie SL SW AL AW | BW CV TW 
Inimum 3.61 2.97 2.08 1.93 3.10 0.18 3.0 

àximum 4.52 3.52 2.42 2.23 3.61 0.26 4.2 

$ көні 4.11 3.20 2.21 2.08 3.43 0.23 3.3 

Za 0.25 0.18 0.11 0.10 0.16 0.02 0.34 

Male, N=7 

Min; SL SW AL AW BW CV TW 

‘mum 3.57 2.86 1.96 1.90 3.09 0.20 2.75 
o TU 4.61 3.30 2.43 2.17 3.73 0.25 3.50 

S et 4.09 3.09 2.19 2.04 3.42 0.23 3.21 

0.38 0.17 0.19 0.09 0.23 0.02 0.25 

Summarised shell dimensions of an additional 200 specimens from various points within Spring 
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Cal are given in Appendix 2. Note that the mean size is co 
population (Fig. 16C). 
Operculum (Fig. 7A,B). Ovate, thin, pale 

weak pegs on white smear on inner side. 

nsiderably smaller than those of the pool 

yellow, with eccentric nucleus, usually with 4—5 small, 

Statistics of 20 opercula from the type series. 

Female, N=13 

OL OW os PL PH Minimum Lg Ip (М0 wm e 
Maximum 1.79 1.36 0.86 0.48 0.15 Mean ГӨ 108 (065 (044 009 S.D. 007 007 013 009 003 
Male N=7 

OL OW os PL PH 
Minimum 1.56 1.17 0.42 0.23 0.06 Maximum ПОТЕ gea men oe Mean gs "25 ven — 035 бук 919) 01 008 010 009 003 
Radula (Fig. 10B-D,F). Central teeth broad, each with 3-4 (usually 4 i E қ 2 ге) small, n either side of a sharp median cusp about twice the length of the Bd DIR M SP DAMM 
basal denticles present, innermost larger. Lateral teeth with largest cusps in tooth Sé SR i net side of large triangular median cusp and 3-4 (usually 3) on outer side. Inner marginal t h Sm p, " 
narrow, sharp cusps on antero-distal and outer-distal edge. ӘЛЕН USt АДАН Outer marginal teeth wi h sharp cusps (approx. half length of thos i : | with small, narrow; 
ES SES : ose on inner marginal teeth) on antero-distal and inner-distal 

Head-foot. Cephalic tentacles pigmented dorsally, with narrow unpi : : and dorsal neck also pigmented. Ciliation (Figs 8C, 9A) as heen re stripe; snou 
especially opercular lobes, weakly pigmented; pallial roof and visceral coil variabl ІҢ ion. Foot, ал 
or mottled with grey ог black. Table but usually blac 

Anatomy. Osphradium unpigmented, located at posterior quart 
0.42 mm in length. Ctenidium with 30-37 broadly emer GE right; maximum width 0.46-0.76 mm, posterior 2 

idium, narrowly oval, 0.27- 

8 1/5 (rarely 1/4) length of renal gland 
h : еп th, 0.32- Т 1 3 Й . 

extending 1/4 to 1/3 of length into pallial roof. Чаткы? (Fig. d un їз MD. EE 
:76-0.92 mm length, stomach proper 0.77-0.89 mm in length, caecum absent i 2 7 g , о 

Testis of 1.8-2.0 whorls; seminal vesicle visible externally afd JE E digestive gland and testis for only 0.2-0.3 whorls behind stomach, convolut GALA En kanali (eost E ma i € over stomach. Prostate gland (Fig. 12A) 
lial Д қ 

oval, narrowly oval іп section. РаШа! vas deferens coil dd 035-048 mm in height, broadly ed, i : 
— darker than surrounding epithelium of neck) low, oi E V ADIT ped CY 0 DES 

se o penis; wl few undulations nearer prostate, straight immediately anteri z 1 à rior to, and b с ы 
12C, 13A) unpigmented or with proximal part of distal section of ea ee Penis (Figs 

basal section unpigmented or with some grey pigment; distal section long and GENEE 

section relatively small, expanded. Penis base 0.37—0 : 4 
ofiiead! 49 mm from right eye, just to right of midline 
Ovary of 1.1—1.2 whorls. Coiled oviduct (Fig. 14A,C, co) with 

anteriorly; distal part straight, posteriorly Wrapped around s 
Duct to sperm sac ventral, very short (virtually direct com 

е ridge ac 

1 distal U-shaped loop, orientated perm вас (Fig. 14A, sps) іп S-shape сой. munication). Common duct (Fig. 14A,C: 
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Figure 4, Shells of Dalhousia harrisi. A, B, D. Spring CaS (station D75), C, E. Spring Db2 (station D20), F, б. Spring 
Ga6B (station D16), H, I. Spring F1 (station D54). 
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1mm 

SR 
Бірше 5. Shells of Dalhousia harrisi. А, B. Spring Ca3 (station D76), C. 

(station D7), E, С, Н. Spring B2 (station D74), F. Spring H3 БИ, Al (station D4A), D. Spring E2 
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Cd) very long, straight. Sperm sac globular, 0.34-0.46 mm in maximum length, 0.17-0.39 mm in 
maximum width. Albumen gland (Fig. 14A) 0.96-1.23 mm in length, 1/10—1/7 of length in pallial 
roof; slightly shorter than capsule gland. Capsule gland rounded anteriorly, oval in section, 1.16- 
39 mm in length, with indistinct glandular zones. Ventral channel narrow, lacking distinct 

Vestibule, small, short opening slightly behind anterior end of capsule gland. 

Distribution (Fig. 15). Common in main pool and outflow of Spring Cal. Springs confirmed as 
containing this species are listed in Table 7 (Appendix 3) and include only members of the A, B, Ca, 
Cb, Cc, and Cd groups. 

This species mostly lives in large warm pools or warm outflows from large springs ranging from 
33-42*C (the majority 35-40*C). 

Remarks. Data from allozyme electrophoresis presented below show, when using the criterion of 

Sympatry, that there is no justification for recognising more than two species-group taxa within 
alhousia. Both are very variable in shell morphology, although D. globosa is generally larger and 

Wider than the species described below. There are no known anatomical characters that can be 
Consistently used to separate these two taxa. The allozyme differences summarized in the diagnosis 
are detailed below. Because of the difficulty in species-level determination and somewhat hazy 
Species boundaries, we have selected specimens for the type series of the two species of Dalhousia 
named here from one of a few populations in which they are known to be sympatric. 
There is a considerable range of variation in shell size and shape (Fig. 3. 16A,C; and Ponder, 

1989, figs 11.1F, 11.2B,C,G) within this species, even within the same spring (Fig. 3A,B, 16C) or 
he same sample (Fig 3C,D). Mean shell length, in the seven measured populations, ranges from 2.5 
to 4.27 mm (Appendix 2, Table 2) with considerable variance in some samples (Appendix 2, Table 
2; Fig, 16A,C), and many populations differ significantly (P<0.001) from conspecific populations in 
length and other dimensions and ratios. Overall there is a difference between sexes in most shell 
dimensions and ratios (Р<0.1). Allozyme variation within this taxon is detailed below (see also 
Appendix 3, Table 7). 

Dalhousia harrisi n. sp. 

Figs 2A-C, Е.С, 4, 5, 7С-Е, 8A,B, 9B-D, 10A,E, ПА, 12B, 13B-D, 14B,D, 15, 16B,D, 17, 22-24. 

Ponder, 1989, figs 11.1A-E,G, 11.2A,D,E. 
Etymology, Named for Colin Harris, as a small recognition of his efforts in the conservation of the 
Mound springs of South Australia. 

Type locality. Cal, the main spring (Earwanyera Spring), Dalhousie Springs, South Australia. 

Collection details of type material. Stn Cal We, Spring Cal, 26°24'29"S 135°31'08"E, fringe of 
10015 on steep edge at water surface on side of main pool. 12/6/1985, Coll. W. Ponder & D. Winn. 

Holotype, SAM, 18939, paratypes, SAM 18940, AMS, С201744. 
Diagnosis, Typically with small to medium, conical to ovate-conic shell. Distinguished 
lectrophoretically from D globosa in having high frequencies of LAP 3, SDH-1 2, SDH-2 1 and 

-1 4 allozymes. 

Description, Shell (Figs 2A-C,F,G, 4, 5). Shell opaque, small (length 2.3-3.8 mm, mean 2.8 mm, 
lin type series), ovate-conic to сопіс, SW/SL 0.64-0.80 (mean 0.71), AL/SL 0.47-0.57 (mean 

0.51), Suture impressed, whorls convex to very slightly shouldered. Protoconch of about 1.5-1.6 
Whorls, minutely punctate. Teleoconch of 2.6-3.6 (mean 3.1) convex whorls, sutures impressed; 
Sculpture of indistinct growth lines only. Aperture slightly longer than wide, AW/AL 0.87-1.01 
Mean 0.94, 0.91 in type series) and angled posteriorly. Peristome entire,with sharp edge, weakly 
thickened internally, with inner lip attached to, or slightly separated from, parietal wall. Colour 



60 WF. Ponder, D.J. Colgan, Т. Terzis, S.A. Clark, A.C. Miller 

Figure 6. Protoconchs of Dalhousia species and Fluvidona centralia. A,B. D 
centralia, Spring ЕІ (station D62). Scales А,С- 0.1mm, B,D - 0.025 

alhousia globosa, Spring Cal. CD. F. 
mm. 

(imparted by periostracum) yellow-brown (some populations Very dark brown or orange brown 
depending on environment). There is no significant i sexual dimorphism in shell size in the type population. 

Dimensions of holotype. 

SEA d BW ТУУ 
Holotype : 3.20 2.52 1.79 1.52 2.69 2.6 
Figured paratype 3.92 2.90 2.09 1.95 3.23 28 

(AMS, С.201745) 

Figured specimens 

(Ca13A) (AMS, C.201746) 2.92 1.74 1.39 1.10 D338 3.5 (Ca7) (AMS, C.201747) 2.60 П ОС 1.10 2.15 3.1 3.22 2.00 1559 1.30 2.50 3.5 
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Іше 7. Opercula of Dalhousia species and Fluvidona centralia; all from inner side. А,В. D. globosa, Spring Cal 
(station 641c). C-E. D. harrisi. C, topotype (station Cal We), D, Spring Cal3A, E, Spring Ca7 (station C644). 

F-H. E centralia. F,G, paratypes, Н, Spring El, lower outflow (station D62). Scales 0.2mm. 
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Dimensions of specimens from paratype series 

Females, М-11 

SL SW AL AW BW СУ ТУУ 
Minimum 2.68 1.86 1.35 1.29 2.19 0.12 2.6 
Maximum 3.70 2.60 1.88 1.64 3.01 0.19 3.6 
Mean 3.16 2.28 1.64 1.49 2.60 0.16 3.1 
S.D. 0.27 0.19 0.13 0.10 0.21 0.02 0.27 

Males, N=9 

SL SW AL AW BW CV TW 
Minimum 2.57 1.89 1.32 1.25 2.14 0.14 2.8 
Maximum 3.45 2.53 1.79 1.59 2.77 0.19 3.6 
Mean 3.00 2.16 1.55 1.41 2.45 0.16 BI 
S.D. 0.30 0.22 0.17 0.11 0.22 0.02 0.20 

Shell dimensions of 50 topotypes are given in Appendix 2, along with those of additional populations 
of this species. 

Operculum (Fig. 7С-Е). Ovate, pale yellow, thin, with eccentric nucleus, with 0—5 small, weak 
pegs on white smear on inner side. 

Statistics of 20 opercula from the type series. 

Females, М-11 

OL OW OS PL PH 
Minimum 1.11 0.70 0.30 0.12 0.05 
Maximum 1.53 1.12 0.53 0.32 0.13 
Mean 1.32 0.92 0.39 0.22 0.09 
S.D. 0.12 0.11 0.07 0.06 0.03 

Males, №9 

OL OW OS PL PH 
Minimum 1.11 0.77 0.26 0.17 0.07 
Maximum 1.38 1.05 0.55 0.27 0.14 
Mean 1.24 0.88 0.36 0.22 0.10 
S.D. 0.09 0.10 0.09 0.03 0.03 

Radula (Fig. 10A,E). As for D. globosa but central teeth usually with 3 (range 3-4) cusps on either 
side of the median cusp. 

Head-foot. Cephalic tentacles pigmented dorsally, with or without narrow unpigmented mid-dorsal 
stripe; snout and dorsal neck also pigmented. Ciliation (Fig. 8A,B, 9B-D, 13C) as for generic 
description. Foot and opercular lobes pigmented; pallial roof and visceral coil darkly pigmented, 
often partly mottled. 

Anatomy. Osphradium unpigmented, located at posterior quarter of ctenidium, narrowly oval, 0.22- 
0.40 mm in length. Ctenidium with 23-25 broadly triangular filaments, apices central to towards 
right. maximum width 0.32-0.48 mm, posterior-most filament overlapping pericaridum (rarely 
abutting or 2 filaments overlapping). Rectum straight in females, weakly arched in males. Renal 
organ extending 1/3-1/2 length of renal gland into pallial roof; renal gland 0.51-0.72 mm in length, 
0.26-0.34 mm in width. Pericardium extending 1/3 of length into pallial roof. Stomach (Fig. 11A) with style sac 0.46-0.62 mm in length, stomach proper 0.49-0.62. mm in length, caecum absent 10 
very small (up to 0.05 mm long). 

Testis of 1.8-2.0 whorls; seminal vesicle visible externally and lies between digestive gland and 
testis for only 0.1-0.3 whorls behind stomach, convolute over stomach. Prostate gland (Fig. 12B) 
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Figure 8, Cephalic tentacles of Dalhousia species and Fluvidona centralia. A,B. D. harrisi, Spring Ca7 (station SC 

A, ventral (proximal) and laterodorsal (distal) views; B, dorsal view (also showing part of ae i А Ss ИНА, 
D 8lobosa, dorsal view (also showing part of snout and foot), Spring Cal (station 641B). D, F. cen , 
dorsal view, Spring El, paratype. dc —.dorsal cilia; vc — ventral cilia. Scales 0.1mm. 

0.42-0.43 mm in length (about 0.09-0.15 mm in pallial roof), 0.19-0.34 mm in height, broadly 

Dall, moderately to narrowly oval in section. Pallial vas deferens undulating, unpigmented to dens 

Srey (darker than surrounding epithelium of neck) low, rope-like ridge across neck at base of penis; a 
ion undulations nearer prostate, straight immediately anterior to, and beneath, prostate. Penis S E 

~D) unpigmented or with proximal part of distal section of penis with grey pigmentation, basa 

eon unpigmented or with some grey pigment; distal section long and evenly tapering, basal 
ae relatively small, expanded. Penis base 0.35-0.38 mm from right eye, just to right of midline 

ead. 

Оуагу of 1.0-1.3 whorls. Coiled oviduct (Fig. 14B,D, co) with 1 distal U-shaped loop, ee 
anteriorly to vertically; distal part arched dorsally to top of sperm sac, posteriorly, wrapped aroun 
sperm sac in S-shape coil. Duct to sperm sac anterior, very short. Common duct (Fig. 14B, cd) long, 

aight, Sperm sac (Fig. 14B,D, sps) globular, 0.28-0.35 mm in maximum length, 0.25-0.31 mm in 

maximum width. Albumen gland (Fig. 14B, ag) 0.55-0.66 mm in length, 1/7-1/4 of length in pallial 
roof; slightly shorter than capsule gland. Capsule gland (Fig. 14B, ag) rounded bluntly tapered 
anteriorly, circular to oval in section, about 0.7 mm in length, with distinct glandular zones. Ventral 

channe (Fig. 14B, vc) narrow, lacking distinct vestibule, small, short opening (Fig. 14B, po) at or 
Ightly behind anterior end of capsule gland. 

Distribution (Fig. 15). Found living around the water edge of the main pool of Cal. Springs 
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Figure9. Snout morphology of Dalhousia species and Fluvidona centralia. A. D. globosa, dorsal view, Spring Cal 
(station 641B). B-D. D. harrisi, Spring Ca7 (station C644). B,D, dorsal view, D, high power view of left 
labium; C, ventral view. E,F. F. centralia, paratype. Dorsal view; F, high power view of right anterior end of 
snout. ci — cilia, Ip — labial papillae. Scales A-C,E — 0.1mm, D,F — 0.05mm. 

confirmed as containing this species are listed in Table 8 (Appendix 3). 
This species lives in a wide range of habitats ranging from small cold seeps (recorded temperatures 

of down to 20°C), to large warm pools to very hot (up to 43°C) springs. It is found in all spring 
groups except the Gb subgroup. 
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arrisi. A, Spring Са13А, E, Spring Са7 (station C644). В- 
Fi 
Іше 10. Radulae of Dalhousia species. А,Е. Dalhousia h 

DP D. globosa, Spring Cal [station 641 (B,C) and Cal We (D,F)]. Scales 0.02mm. 

Remarks, This species is distinguishable from D. globosa, when in sympatry, by its generally smaller 

176 (Fig. 16D, 22A) and taller spire. It lives in sympatry with D. globosa іп springs Cal, А1, A2, 

I 8, B1, Ca8, Cc1, Cc3, and Cdl. Hybrids have been found in Ca8 and Cd2 (Appendix 3, Table 8). 

п Cal it has been found only on the edges of the large pool where it is effectively out of reach of the 

pea which are known to eat hydrobiid snails (Ponder, 1989). Other than the shell characters, 

ere аге no obvious, consistent morphological synapomorphies which separate this species from D. 

8lobosa, although in the type population the anteriorly placed bursal duct is a consistent difference. 

e e distribution of this character was checked in all other populations and was found to be ventrally 

О Posteriorly placed, as іп D. globosa. The capsule gland has more distinct glandular zones in D. 

arisi than іп D. globosa in most populations, but, again, this is not consistent. The genetic 

d in the diagnosis and detailed below. Allozyme d ^ 
ferences between these two taxa are summarize ) 

tiation within this taxon is also detailed below (see also Appendix 3, Table 8). 
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D. harrisi is generally rather uniform in size in the northern spring groups (A and B) (Figs 16B, 
16D), but varies considerably in the other spring groups (С-Н) (Fig. 17). However, generally there is 
a considerable amount of variation in shell size and shape within this species (Appendix 2, Table 2; 
Figs 4, 5, 17; Ponder, 1989, figs 11.1A—E,G, 11.2A,D,E). The type population (Fig. 2A,B) is more 

similar to D. globosa in shell shape than most others (compare Figs 2A,B with 2H), although rather 
globose specimens are encountered in other populations (e.g. Fig. 4A,B,D). Mean shell size, in the 
36 measured populations, ranges from 1.5 to 4.1 mm (Appendix 2, Table 2) with considerable 
variance in some populations (Table 2, Fig. 17, and compare Figs 4A,B, D; 4C,E; 4F,G; 4H,I; 5А,В; 
5Е,С,Н), and many populations differ significantly (P«0.001) from conspecific populations in length 
and other dimensions and ratios. Overall there is a significant (P«0.001) difference in most shell 
dimensions and ratios between sexes. Comparisons with D. globosa show a significant (P<0.001) 
difference in all measured shell dimensions and their ratios. 

Several populations of D. harrisi have a proportion of individuals infected with parasites. In some 
samples the infected individuals are significantly larger than other members of the population but in 
others this is not the case. Eliminating parasitized individuals does not markedly alter the patterns of 
variation in shell size. 

Genus Fluvidona Iredale, 1937 

Type species: Hydrobia petterdi Smith, 1882. 

Remarks. The anatomy of the Wilson's Promontory species of this genus is described in detail by 
Ponder ef al. (1994). The species described below is included in Fluvidona because its radular, 
anatomical, opercular and shell characters agree with members of that genus in most respects. There 
are only two significant anatomical differences between this taxon and other species of Fluvidona. 
One is the position of the bursal duct which is located at the ventral end of the anterior edge of the 
bursa copulatrix in most individuals, whereas it opens in the middle of the anterior edge in other 

species of Fluvidona. The second character is the long, tapering penis with a narrow (not wide) base 
which is not markedly set off from the distal part of the penis as in other members of the genus. 
The genus name Fluvidona is used.following Ponder et al. (1994) but electrophoretic studies by 

one of us (S.A.C., in prep.) indicate that typical Fluvidona from northern NSW is generically 
distinct from the southern species attributed to this genus. 

Fluvidona centralia n. sp. 

Figs 2D,E, 6C,D, 7F-H, 8D, 9E,F, 12D, 18-19-20-21, 25. 

Etymology. Centralia — refers to the centre of Australia. 

Type locality. Spring Cd11, Dalhousie Springs, South Australia. 

Collection details of type material. Stn. D70, Spring Cd11, 26°24'40"S 135°30'29"E, small seepage 
on large mound, temp. 24°C, 9/5/1990, Coll. DC SC. 

Holotype, SAM, 18941; paratypes, SAM, 18942; AMS, C.201748. 

Diagnosis. With small, conical shell, prominent opercular pegs, 4—5 pairs of basal cusps on central 
teeth of radula, a ventrally located bursal duct and a narrowly tapering penis with a long, narrow 
base. 

Description. Shell (Fig. 2D,E, 18). Shell opaque, small (1.4-2.2 mm, mean 1.8 mm), conical, SW/ 
SL 0.56-0.67 (mean 0.62), AL/SL 0.36-0.46 (mean 0.40). Protoconch (Fig. 6C,D) of about 1.25 
whorls, distinctly punctate. Teleoconch of 2.7-3.5 (mean 3.1) convex whorls, sutures moderately 
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ac 

B 

D. harrisi. B. D. globosa. ac — Figur 
€ 11. Stomachs of paratypes of Dalhousia species, viewed from the left side. A.“ 

intestine, o — oesophagus, pc - 
anterior gastric chamber, c — caecum, dgo - digestive gland opening, i — 

posterior gastric chamber, ss — style sac. Scale 0.5mm. 

wide, AW/ im eS 
Pressed; sculpture of indistinct growth lines only. Aperture usually slightly longer than 

entire, with L ? 
thin KR (mean 0.94), angled posteriorly. Peristome slightly thickened internally, 

ess d lip attached to parietal wall; external varix absent. Colour yellow-brown to brown due to 

Tacum. There is no significant sexual dimorphism in shell size in the type population. 

Dimensions of holotype. 
Holot SL SW AL AW BW , TW 

m DNA 2) АЖ (Но Quos ыр ш 
€d specimen, Dei 2.77 2.26 1.12 1.03 2.05. 3.6 

(AMS, C.201749) 
Dimensi en ; i Sions of specimens from paratype series 

Female, N=5 

Minimu SL SW AL AW | BW CV TW 

Seet 1.72 1.00 0.69 0.68 129 01 2.7 

Sec D Am] ley (Ша OP ПЕ GS a 

S.D ЕЕ ma o (ШО 109 400 SHAB 

; On i999 бй (МӨ Ош шю иш 

Male, N=15 

Minim SL SW AL AW | BW CV TW 

ИКЕ кире. О (шу йш бы OID 

EA 2.14 1.28 0.79 077 (9 DER ss 

S.D E v nam. (ММ (бе Ый бо ШТ 

j 020 ok 007 0060 ОШ” (005% wz 

As Tabl ay of the shell measurements of additional populations of this species are given in Appendix 

, e ; 

О : 
Se RUE (Fig. 7F-H). Ovate, thin, pale yellow, with eccentric nucleus, with 1-4 well-developed 

merging from white smear on inner side. 
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Statistics of 20 opercula from the type series. 

Female, N=5 

OL OS PL PH PN 
Minimum 0.67 0.11 0.08 0.04 2 

Maximum 0.82 0.24 0.16 0.11 4 

Mean 0.76 0.18 0.11 0.07 3 

S.D. 0.06 0.05 0.03 0.03 0.71 

Male, N=15 

OL OS PL PH PN 

Minimum 0.62 0.11 0.04 0.03 1 

Maximum 0.82 0.25 0.19 0.18 4 

Mean 0.71 0.17 0.10 0.09 2.93 

S.D. 0.06 0.04 0.04 0.05 0.96 

Radula (Fig. 19). Central teeth broad, each with 4-6 (usually 5) small, triangular cusps on either side 
of a sharp median cusp about twice the length of the adjacent cusps. 3-4 pairs of lateral basal 
denticles present, innermost larger. Lateral teeth with largest cusps in tooth row, 4—5 on inner side of 

Figure 12. Male genitalia of paratypes of Dalhousia species and Fluvidona centralia. A. Prostate gland of Dalhousia 
globosa viewed from left side. B. Prostate gland of Dalhousia harrisi viewed from left side. C. Penis of 
Dalhousia globosa. D. Penis of Fluvidona centralia. pd — penial duct, ppc — posterior end of pallial cavity. 
pyd - pallial vas deferens, vvd — visceral vas deferens. Scales A,B — 0.25mm, C — 0.5mm, D – 0.1mm. 
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nis of D. globosa, Spring Cal (station C641B). B, D. Penes of 
Figure 13. Head and penes of Dalhousia species. A. pe ] о 

D. harrisi, B, Spring Са? (station C644); D, Spring Cal (station C641A). C. Head and penis of D. harrisi, 

Spring Cal (station C641A). ct — cephalic tentacle; sn — snout. Scales A,B,D - 0.2mm, С- 0.5mm. 

large triangular median cusp and 4-6 (usually 5 or 6) on outer side. Inner marginal teeth with 25-27 

Narrow, sharp cusps on antero-distal and outer-distal edge. Outer marginal teeth with 27-33 small, 

narrow, sharp cusps (approx. half length of those on inner marginal teeth) on antero-distal and 

ner-distal edge. (Description based on 4 radulae). 

Head-foot, Animal unpigmented except for pigment patches on head behind eyes and mid-dorsally; 

Орегсшаг lobe usually unpigmented, rarely with trace of pigment. Ciliation on snout (Fig. 9E,F) well 

developed laterally, a narrow, but well-developed band laterally and latero-dorsally just behind labia, 

and scattered cilia dorsally. Cephalic tentacles with well-developed dorsal band of cilia (Fig. 8D) 

Which extends most of length of tentacle, and a pair of weaker ventro-lateral bands. 

Anatomy. Osphradium unpigmented, located just behind middle of ctenidium. Ctenidium with 14- 

16 broadly triangular filaments, apices near right side (0.06-0.15 mm from left side, maximum 

Width 0.12-0.17 mm; abuting (or one filament overlapping) pericardium. Rectum with small to 

Moderate U-shaped bend. Renal organ extending 1/3 to 1/2 of length into pallial roof; renal gland 

0.31-0.39 mm in length, 0.17-0.20 mm in width. Pericardium extending about 1/2. of length into 

pallial roof. Stomach (Fig. 20D) with style sac 0.32-0.43 mm in length, stomach proper 0.39-0.46 

mm in length. Gastric caecum small to minute (0.01—0.20 mm in length). 

Testis of 1.0-1.2 whorls; seminal vesicle beneath half whorl of testis behind stomach, moderately 

to markedly convolute over stomach. Prostate gland 0.31-0.32 mm in length (about half in pallial 
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Figure 14. Female reproductive systems of. paratypes of Dalhousia species. A,C. D. globosa. A, oviduct viewed from 
left side; C, detail of sperm sac and associated oviduct. B,D. D. harrisi, B, oviduct viewed from left side; D: 
detail of sperm sac and associated oviduct. ag — albumen gland, cd – common duct, cg - capsule gland, со“ 
coiled oviduct, po — pallial opening of oviduct, ppc — posterior pallial wall, sp — sperm stored in oviduct, sp$ 
— sperm sac, vc — ventral channel. Scales (A,B) 0.5mm. 

roof), bean-shaped, oval to narrowly-oval in section. Pallial vas deferens emerges ventrally from 
posterior end of pallial portion of prostate gland, straight until near penis where it weakly undulates- 
Penis (Fig. 12D) unpigmented, distal part short, narrow, tapering, tapers gradually into long, narrow: 
slightly tapering base. Penial duct strongly undulating in base, straight in distal section. Penis 
located just to right of midline, 0.19-0.25 mm behind right eye. 
Ovary of 0.6-0.9 whorls. Coiled oviduct (Fig. 20A,B, co) with double loop, anterior U-shape bent 

anteriorly and posterior loop, details variable (c.f. Fig. 20A and B); distal part with weak elbow jus! 
before opening ventrally to bursal duct well behind posterior pallial wall (Fig. 20C). Common duct 
(Fig. 20C, cd) straight to pallial wall. Seminal receptacle (Fig 20C, sr) ovoid, 0.08-0.12 mm 10 
length, 0.01—0.08 mm in width, at anterior edge of bursa; duct short. Bursa copulatrix (Fig. 20A-C: 
bc) ovoid to elongate-ovoid, (0.14-)0.29 mm in maximum length and width; bursal duct simple: 
0.06-0.08 mm long, emerging from antero-ventral face (more nearly mid anterior in one specimen): 
Albumen gland (Fig. 20A,B, ag) 0.19-0.31 mm in length, 1/6-1/4 of length in pallial roof; length 
relative to capsule gland variable (0.5 to 1.12) (c.f. Figs 20A and B). Capsule gland (Fig. 20A,B, cg) 
truncated anteriorly, 0.26-0.37 mm in length, oval to narrowly oval in section. Ventral channel (Fig: 
20A,B, vc) broad, lacking distinct vestibule, short, slit-like opening (Fig. 20A,B, po) beneath anterior 
end of capsule gland. 

Distribution (Fig. 15). Springs known to contain this species are listed in Table 9 (Appendix 3). 
This species lives in a few small (mainly cold) seeps, and in the shallow, lower outflow of at leas! 
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Fi " 222 4 ; 100ге 15. Distribution of Dalhousia species and Fluvidona centralia. A. D. globosa. B. D. harrisi. C. F. centralia. 

One of the large springs. It has not been found living in sympatry with Dalhousia. 

Remarks, This species is readily distinguished from the somewhat similar forms of D. да wie 

Т all, conical shells in having a more evenly conical spire outline. In addition, F. centralia и as 

is m both species of Dalhousia in having more prominent opercular pegs, multiple (пойро) аѕа 

GES оп the central teeth and there are considerable differences in the female genita! system 

"раге Figs 14 and 20) and penial morphology (compare Fig. 12C,D). 

Apart from the type population, a sample from a lower, cold outflow from a large spring (El, stn. 
Was also examined in detail but proved (unlike the type population) to be heavily parasitised. 

© external features of the animal show the same ciliation patterns but the opercula differ in having 

SR numerous pegs (2-7, mean 4.2) than the Cd11 sample. Radulae also differed, having fewer 

SA (4-5, usually 4 on each side of median cusp оп central teeth; 4 on inner side of lateral teeth 

n 4— on outer side; 18-21 cusps on inner marginals and 26-32 on outer marginals). Unfortunately 

ES Of the other samples contained insufficient material for detailed analysis so the range of 

ation within most populations of this taxon has not been adequately ascertained. Given the 

Шегепсез between the Cd11 and E1 populations, further work may well show that subdivision of 

15 taxon is possible and this is also suggested by the level of genetic variation within the taxon 

\eseribed below). In addition, given the nature of the localities frequented by this taxon, it is 

p doubtedly under represented in our sampling. The small seepages are often difficult to locate due 

0 the dense vegetation and can be very easily missed. In addition, sampling the cold outflows of the 
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Figure 16. Box plots showing variation in shell length in Dalhousia globosa and D. harrisi. A. Shell lengths of D. 
globosa. Note that the data for Cal are pooled from the samples shown separately in C. B. D. harrisi 
showing variation in shell size in the A and B spring groups. C. D. globosa, showing variation in shell size in 
different sites in Spring Cal. D. Comparison of shell lengths of Dalhousia globosa and D. harrisi (stippled) 
in some of the springs in which they аге sympatric. The median (the mid-point of the ordered numbers) is 
marked inside the box, the ends of the boxes splitting the ordered numbers in half again. Outliers are 
represented by an asterick and extreme outliers by a circle. 
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1mm 

D E F 

Figure 18. Shells of Fluvidona centralia. A. Spring Gal (station D13), B. Spring Ga2 (station D5), C. Spring F9 (station D53), D. Spring ЕЗ (station D23A), E. Spring Cd11 (station D70; paratype), F. Spring Ga6A (station D15). 

large springs is also difficult because of the dense vegetation and the snails, in this type of habitat, are usually very infrequent. Shell variation between populations is shown in Fig. 18. 
The genus Jardinella (see Ponder and Clark, 1990) found in artesian springs in western Queensland, 
as well as in some coastal rivers in north Queensland (Ponder, 1991) is similar to Fluvidona in 
having a small seminal receptacle and large bursa copulatrix but differs in having, like Dalhousia 
and Fonscochlea, only two pairs of basal denticles on the central radular teeth and weak opercular 
pegs. 

The new species represents a major range extension for Fluvidona, a predominantly south eastern Australian group, although undescribed taxa are known from the Flinders Ranges, as well as more coastal areas in South Australia. As noted above, the new species differs from any of the named taxa 
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Figure 19. Radulae of Fluvidona centralia. AC. Spring El (station D62), С, detail of central teeth. B,D. Paratype, 

Spring Cd11 (station D70), D, detail of central teeth. Scales A,B – 0.02mm, C,D — 0.005mm. 

b having the bursal duct opening antero-ventrally to the bursa and in having a gradually tapering 

Penis with a narrow base. 

Allozyme electrophoresis. 
Gene frequency tables are given for the three taxa in Appendix 3. Our results confirm that the 

Snails are grouped into two lineages, Dalhousia and Fluvidona. Dalhousia is the dominant 

Component and is widespread throughout the Dalhousie Spring system. The second group was found 

In only seven localities, predominantly in the small seepages and in the lower, swampy outflow from 

à large spring (Е1). Allozyme mobilities and activities differ so much between these two groups that 

no evolutionary relation between them can be discerned. Consequently, the allozymes within each 

Stoup were named and analysed separately. 
alhousia can be sub-divided into at least two genetic species recognised on the basis of 

Characteristic suites of allozymes. D. globosa is characterised by very high frequencies of the Lap 2, 

8m-2 3, Sdh-] | and Sdh-2 2 alleles, and a high frequency of the брі 2 allele. These allozymes are 
Virtually absent or found in very low frequencies in D. harrisi which is characterised by high 

Iequencies of Lap 3 and Pgm-1 4, which are virtually absent іп D. globosa, Sdh-1 2 and Sdh-2 1. 

With the exception of samples from Са8 and С42 springs, where there appears to be a breakdown of 

'Solating mechanisms, there were very few heterozygotes at the Lap or Pgm loci which comprised a 
Characteristic allele from each of D. harrisi and D. globosa. Individual snails were scored and 
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cg ppc 

D 
Figure 20. Female reproductive system and stomach of Fluvidona centralia. A,B. Oviducts of two paratypes viewed 

from the left side, showing variation in coiling pattern of coiled oviduct and relative length of albumen gland. 
C. Detail of bursa copulatrix, seminal receptacle and associated ducts from left side. D. Stomach from left 
side (see Figure 8 for labels). ag — albumen gland, bc — bursa copulatrix, cd — common duct, cg — capsule 
gland, co — coiled oviduct, po — pallial opening of oviduct, ppc - posterior pallial wall, sr — seminal 
receptacle, vc — ventral channel. Scales 0.25mm. 
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Figure 21. A. Box plots showing variation in shell length of Fluvidona centralia (For an explanation of box plots see 
Figure 16). B. Separation of the two electrophoretically distinct groups within F. centralia using two shell 
ratios. Samples from springs Cd11, El and F9 are represented by circles, those from springs E3 and Gal by 
diamonds. The ellipse represents 75% of the variance. 
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Figure 22. A. Plot of shell length and the ratio of shell width/length for sympatric populations of Dalhousia globosa 

(circles) and D. harrisi (diamonds). B. Plot of shell length and the ratio of shell IIR s Gu 

measured populations of Dalhousia globosa (except station D24), Cala (station D24) and D. E е 

ellipses in both figures contain 7596 of the variance. The individual data points have not been plotted in B. 

allocate to one of these genetic species on the basis of their allelic constitution for these loci. In 

пр Ca8 and Cd2, snails were allocated to D. globosa if they were homozygous for Lap 2, to D. 

arisi if they were homozygous for Lap 3, and to a “hybrid” category if they were 2/3 heterozygotes: 

ar number of other allozymes have distributions correlated with the genetic species (Tables 7,8). Two 

d “stricted to. D, globosa and 12 to D. harrisi. No individual in any spring was identified as a 

eal Е, hybrid so that the genetic isolation between the species is nearly SE When 

со 'Viduals are allocated to genetic species and samples pooled within spring groups there 1s a 

mplete Separation of D. globosa and D. harrisi in phenetic trees (Figs 23, 24). 

1 апе of genetic variation within samples are given in Tables 4-6, which detail Шы 

dies er of individuals scored per locus, the percentage of loci with more than one allele an 

ie and expected heterozygosity. These summaries show a notable level of genetic variation in 

m ousia, with most samples having multiple alleles at more than 20% of loci. The D. 8100000 

Wi Ple from the Cal pool (topotypic population) has multiple alleles at 53% of ect E es 

signi low variability are intriguing. Ca8 is one of the two springs where there is evidence o 

Scant hybridization between D. globosa and D. harrisi. Yet it has the lowest percentage of 

ac. aO phic loci among the populations of D. globosa and one of the lowest seen in E 

othe Pánied by a low value in the "hybrids" class. Polymorphic loci are quite frequent in , the 

Т Spring where hybridization is occurring. | j ry ; 

WIE: genetic isolation between D. globosa апа D. harrisi is emphasised by their Ke sympa y 

ine a tite springs. This criterion is not available for decisions regarding the specific status 0 

ot ages within the two nominate genetic species. Of particular interest here, is the population in a 

phe Spring near Cal, Cala (stn D24). This is an outlier to the other samples of D. globosa in 

E grams (Figs 23, 24), principally because of a very high frequency of ALKP 3, LGG-2 2, SDH-1 

Simi] SDH2 1 allozymes and the fixation of an unique GAL allozyme (3). Тһе SDH рпепозуре 15 

ог] аг to D. harrisi. The three other characteristic allozymes of this hot spring population are absent 

Іп Very low frequencies in D. harrisi, contradicting a hybrid origin. It appears more likely that the 
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Figure 23. Phenogram showing relationships of Dalhousia based on unweighted pair group (UPGMA) clustering of 
Nei’s unbiased (Nei, 1978) genetic distances between samples pooled into spring groups. D. globosa Cala 
(D24) and D. harrisi H1 and H3 samples have been treated separately, as suggested by inspection of theif 
genetic frequencies. 

524 population has been sufficiently isolated from D. globosa populations for long enough to evolve 
large allelic frequency differences and, in at least this one example, novel allozymes. This population 
has the shell features of D. harrisi (Fig. 3E,H), there being no significant (P«0.01) differences in 
shell dimensions and ratios. However, members of this sample tend to fall in the overlap zone 
between the two species (Fig. 22B). 

Figure 23 shows that the distribution of genetic variation in Dalhousia is not random. The genetic 
distance between populations pooled in spring groups is generally concordant with the degree of 



D : 1 alhousie Springs hydrobiids 
Ё 

D. globosa 

Ca 

Cal (D24) 

A 

Ca 

Cd 

Cc 

Db 

D. harrisi 

based on complete linkage clustering of Nei's unbiased (Nei, 

d into spring groups. D. globosa Cala (D24) and D. harrisi 

as suggested by inspection of their genetic frequencies. 

Fi u: Sure 24. Phenogram showing relationships of Dalhousia 

1978) genetic distances between samples poole 
НІ and H3 samples have been treated separately, 

dee separation, particularly in D. harrisi. Clear exceptions to this are the high degree of 

ge nce of the Cala (D24) sample from the remainder of D. globosa and the low divergence 

Sprin n the F spring group and the geographically distant H3 spring in D. harrisi. In D. harrisi, 

x SE В is quite basal when UPGMA linkage is used for the clustering (Fig. 23). If, however, 

Pheno nogram is based on “complete” linkages, the pooled sample for B is the sister to A (Fig. 24). 

grams (e.g. Fig. 23) reveal a number of lineages in D. harrisi characterised by frequency 

diff Je 
ferences from other lineages within the species. Whilst there are no examples of fixed allozymic 

tricted to particular geographic areas. The ifferences í e SRI some polymorphic loci have allozymes res 

€ example is the B-GAL 1 allozyme which is, with the exception of low frequencies in Al and 

» found in the southern and southeastern springs. Other instances include the LGG-1 2 allozyme 
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Ga2 (D5) 

Gal (D13) 

F9 (D53) 

Cd11 (D70) 

E1 (D62) 

Figure 25. Phenogram showing relationships between populations of Fluvidona centralia based on an unweighted рай 
group (UPGMA) clustering of Nei's unbaised (Nei, 1978) genetic distances. 

which is usually absent from the C and D spring groups, the ADH 4 allozyme with a disjunct distri 
bution in groups A and H and the HK 3 allozyme concentrated in B and the adjacent Db groups. 
Sample sizes are small іп F. centralia, yet the apparent low levels of variation in this species 

(Table 6) probably reflect its biology, implying smaller founding populations and longer periods d 
isolation than іп Dalhousia. There are two principal lineages within the species (Fig. 25), these 
characterised by а fixed-difference іп Gpt-2. This may reflect a significant biological division 0 
geographic variation within the the taxon as we recognise it. There are no other allozymes with 
distributions concordant with the Gpr-2 pattern although there are some loci (such as Pgd) with 
allozymes found only in some populations of one of the two lineages. The shell morphologies (Fig: 
18; Table 3) of members of these two lineages do not differ greatly, there being no significant 
differences between any of the measurements for the pooled measured populations listed in each 
group. However, the ratios of shell width/shell length and aperture length/shell length were signifi 
cantly different (P<0.001; Fig. 21B) between the two groups for the subset of measured populations. 

Discussion 

Using the criterion of sympatry, we have recognised only two species-group taxa within Dalhousid: 
However, as outlined above, some of the lineages within both these species are genetically distinct, 
although allopatric, and both taxa show considerable intra and interpopulation variation in shell size 
and shape. Similarly within what we treat as a single species of Fluvidona there is considerable 
interpopulation variation in shell, opercular and radular morphology, as well as allopatric geneti? 
subdivision. 
The considerable variation seen in shell morphology in Dalhousia (Figs 2-5, 16, 17), briefly 

described above, will be analysed in more detail elsewhere. 
As noted above, it is very likely that Dalhousia and Fonscochlea, from the Lake Eyre Supergroup 

are sister taxa. The probable sister taxon to (Fonscochlea + Dalhousia) is Jardinella (Ponder an 
Clark, 1990), found in artesian springs in western Queensland, as well as in some coastal drainages 
in northern Queensland. Species of Jardinella, like most hydrobiids, have a normal bursa copulatrix 
and seminal receptacle. The presence of a single sperm sac (presumably the bursa copulatrix) 17 
Dalhousia might appear to suggest that it is more derived than Fonscochlea which has two. Howevel: 
the two sperm sacs of Fonscochlea are very similar histologically and may be the result of subdivision 
of an original single sperm sac (the bursa) (Ponder et al., 1989). If this is the case, in this respect 2! 
least, Dalhousia is the more plesiomorphic of the two genera and in this genus the oviduct functions 
as a sperm storage site. 
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: 
T 

hu ee of an endemic hydrobiid genus at Dalhousie Springs with a sister group in the Lake 

concrete SC SS questions about the origin and age of these taxa. Unfortunately there are few 

Dalhousie S on the age of any of the springs associated with the Great Artesian Basin. The age of 

Pleistocene eg has been discussed by Krieg (1989) who concludes that they are probably 

Eyre mede age, being no older than 1-2 million years. Ponder (1986) has suggested that the Lake 

Dalhousie S oup springs contain such a differentiated fauna that they may well be Tertiary in age. If 

to the sprin Penes are indeed Pleistocene in age, it 1s highly probable that Dalhousia is an immigrant 

at D. TE rom some other, now extinct, artesian spring group. It is possible (although unlikely), 

Scenario, the 5 ane D. harrisi had become specifically distinct before this immigration. Thus, in this 

Presence a P а housia fauna of Dalhousie Springs would represent two colonization events. The 

cannot be dis . centralia indicates that multiple invasions of hydrobiids are possible and, indeed, 

other sample КИНЕ from our genetic data. The genetic differentiation of the D24 population from 

Rn Ee Н globosa has probably developed 
in situ, although, again, the possibility of a third 

to that GES? be discounted. The genetic distance between D24 and D. globosa is comparable 

residence of 5 7 globosa and D. harrisi, supporting the idea 
that there has been sufficiently long 

кна а ee at Dalhousie Springs for speciation to have occurred in situ. 

Species ma Y iS Fluvidona, on the other hand, is probably not tied to artesian springs and this 

Bees m» e an immigrant from some, probably now extinct habitat, or, possibly, the Flinders 

Separated ATE to us, however, that recent dispersal of such faunas between these two widely 

abitats, pos E is less likely than immigration of the hydrobiids from nearby, previously suitable 

s Ge sibly іп the early Pleistocene. 
1 

the EE amphipod at Dalhousie (Zeidler, 1991) is related to another surface species living in 

Sp.) is simi E may have evolved in situ. On the other hand, the surface amphipod (Austrochiltonia 

abitats in т to a species living in the Lake Eyre Supergroup springs and in many other aquatic 

Australia E Australia (Zeidler, 1989), although it is not known elsewhere in central 

he SE Edgbaston Springs in western Queensland (Ponder, 1986). ; 

elsewhere Tee of the hydrobiids within Dalhousie Springs will be discussed in more detail 

genetic dix Jet great morphological plasticity may in part be coupled with their considerable 

| versity. The interplay of factors in the physical and biological environment may also have a 

Signifi i 
nificant influence on shell morphology. There is a considerable range of physical factors such as 

Spring si 
8 size, water depth and temperature and biological factors are also probably important. Ponder 

datory catfish (Neosilurus sp.) in some of (198 
the зге ted, for example, that the presence of the pre 

actors, e AER may result in the selection of larger, heavier-shelled individuals. Other biological 

Dalhousia p parasitism, can be significant in some springs. 

Spring m globosa and D. harrisi maintain their genetic in 

Species anb clearly indicating that they are distinct species. Each may yet be found to represent a 

тау be not Set with the Cala (D24) sample of "D. globosa" being the most likely candidate. It 

Pooled gr however, that gene flow in both D. globosa and D. harrisi is apparently high when 

individuals аге considered, with spring groups exchanging migrants at rates of the order of 20 

generally ere ing group per generation (Colgan & Ponder, 1994). This level of gene flow would 

Wit SOEUR sufficient to prevent fragmentation of Dalhousia into isolated, non-interbreeding species 

estricted ranges. 

tegrity over their range within the 
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APPENDICES 

APPENDIX 1. Locality data for samples used for genetic analysis. 

A 4%; 
іп d estin of the springs and the nature of the habitat, as well as their hydrogeology, can be found 

and Меден onder (1989). Most springs, including their outflows, are densely vegetated with Phragmites 

several m ca being the most conspicuous vegetation. Many form mounds at the head of the spring, some 

etres high. In all there are approximately 60 active springs in the Dalhousie Springs complex. 

h, JW - Janet Waterhouse, SC - 

field station; temp. 

g - D. globosa, h 

Abbreviati 
Beer Coll. - соПесіогв:- DC — D. Colgan, DM - D. MacIntos 

S CRDA ark, TT - T. Terzis, WP — W. Ponder. cond. - conductivity in mS cm"; Stn - 

- D. SE ПЕ The species found are indicated in square brackets:— f — F. centralia, 

Al, S 
19 2 D04A, 269231075 135°32'05"E, medium spring, 30-40 m downstream from pool, pH 7.68, cond. 

Ap, Sep. 36°C, 4/5/1990, Coll. IW SC.[g,h] 
edges Gm 26°23'12"S 135°32'02"E, large spring, in large pool at head, on mud in deeper water (large); on 

A3, Stn Pm, pH 7.52, cond. 1.20, temp. 36°C, 4/5/1990, Coll. WP DC TT [gh] 

4/5/199( 02A, 26°23'28"S 135°32'07"E, large spring, uppermost outflow, рН 7.37, cond. 1.19, temp. 419С, 

JE 0, Coll. JW SC DM. [h] 
, 

» 9t о ' " 

1990 a D02B, 26°23'12"5 135°32'07"E, head of spring (not a pool), 
део Сой. JW SC DM. [e] 

Weu 092'99" 
8 Sa D10, 26°23'22"$ 135?31'58"E, seep, pH 7.73, сопа. 1.88, temp. 2 

CTT vert 26%22158"5 135?32'07"E, small active spring, pH 7.25, cond. 1.15, temp. 38 

Bl, Stn, р, 
is SE D73, 269241535 135°31'35"E, large spring, upper outflow, root mats at edges of wa 

B2 Sin TE 7.56, cond. 1.13, temp. 41°C, 9/5/1990, Coll. DC SC. [g,h] 

, “ ; 26?24'48"S 135?3 ' " n o 7 

зді Coll. DC sc. it 1'36"E, medium spring, upper outflow, pH 7.6 

а, А | 
сопа. CH D24, hot spring flowing into head of spring ICAL 2) 

Rat SH temp. 42°C, 7/5/1990, Coll. SC ТТ. [g] 

Species zA D25, 26°24'30"S 135?31'07"E, very large spring, 

Cal 3 edge and deeper, pH 7.51, сопа. 1.55, temp. 40°C, 7/5/1 

' Stn. D26, 26°24'30"S 135°31'08"E, uppermost outflow, pH 7.84, cond. 

pH 7.37, cond. 1.19, temp. 41°C, 4/5/ 

7.5°C, 4/5/1990, Coll. WP. [h] 

оС, 4/5/1990, Coll. 

ter where water 

3, cond. 1.21, temp. 33°C, 9/5/ 

6°24'29"5 135?31'07"E, on edges, рН 7.63, 

main pool, small species on edge of water, large 

990, Coll. SC TT. [g,h] 

-1.70, temp. 38°C, 7/5/1990, 

al, 
1990 pP PORE 135°31'17"E, outflow 900m from pool, рН 7.40, cond. 1.71, temp. 36°C, 7/5/ 

die - [g] al, Stn. D28, 26°24'16"5 135°31'14"E, outflow 600m from pool, pH 7.86, сопа. 1.78, temp. 37°C, 7/5/ 

vd Coll. SC TT. [g] 
,5 А біп. D46, outflow 200m from pool, 26°24'25"5 13593710" 

om 90, Coll. SC TT. [g] 

біп. D78, 26241265 135°30'58"E, medium spring flowing into Si » temp. 42°C, 10/5/1990, Coll. JW. [h] 

E, all over, pH 7.65, cond. 1.65, temp. 38?C, 

upper outflow, pH 7.65, cond. 
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Саз, Stn. D76, 26°24'21"S 135°30'51"E, small active spring, at spring head, pH 7.20, cond. 1.51, temp. 29°C; 
10/5/1990, Coll. JW DM. [h] 

Са5, Stn. D75, “Duck Pond", 26°24'19"5 135°30'43"E, large circular pool, рН 7.62, cond. 1.25, temp. 342, 
10/5/1990, Coll. JW DM. [h] 
Ca7, Stn. D34, 26?24'40"S 135?30'50"E, small trickle at spring head, pH 6.24, cond. 8.52, temp. 26°C, 7151 

1990, Coll. WP. [h] 
Ca7, Stn. D35, 26?24'26"S 135?31'01"E, medium spring, upper outflow, pH 7.73, cond. 2.67, temp. 27°C, 1! 
5/1990, Coll. WP. [h] 

Cap, Stn. D38, a very small seep very near spring Ca8 and about 60 m W of western end of Cal pool. 
26924275 135°31'00"E, on mud, pH 7.38, cond. 4.88, temp. 26°C, 7/5/1990, Coll. WP DM. [h] 

Са8, Stn. D77, 26?24'25"S 135?31'02"E, small pool at head of medium spring, pH 7.66, cond. 1.50, temp. 
43°C, 10/5/1990, Coll. JW. [g,h] 

Ca9, Stn. D64, 26°24'06"S 135?31'14"E, outflow of medium spring, pH 7.20, cond. 1.20, temp. 38.5°C, 8/5/ 
1990, Coll. SC TT. [g] 

Call, Stn. 033, 26°24'34"5 135?30'49"E, seepage in channel, рН 7.69, cond. 2.60, temp. 23°C, 6/5/1990: 
Coll. WP. [h] 

Са12, Stn. D36, 26°24'36"S 135°30'44"E, seepage on mound, pH 7.27, cond. 2.10, temp. 34.5°C, 7/5/1990, 
Coll. WP. [h] 

Cb2, Stn. D51, 26°25'25"S 135°30'27"E, main pool of large spring, pH 7.35, cond. 1.81, temp. 36°C, 8/5] 
1990, Coll. JW DM. [г] 

Chi, Stn. D52, 26°25'22"S 135°30'28"E, small pond above main pool, pH 7.09, cond. 2.35, temp. 40.5°C, 8) 
5/1990, Coll. JW. [g] 

Cb4, Stn. D81, 26°25'44"S 135°31'15"E, small, active spring, spring head, pH 7.40, cond. 0.98, temp. 37°C: 
10/5/1990, Coll. WP TT. [h] 

Cb5, Stn. D48, 26°25'56"S 135°30'12"E, small trickle, at head, рН 7.04, cond. 3.50, temp. 20°C, 8/5/1990: 
Coll. JW. [h] 
СЫ5, Stn. D49, 26?25'55"S 135?30'13"E, upper middle outflow, small spring, pH 7.30, cond. 2.59, temp: 
21°C, 8/5/1990, Coll. JW. [h] 

Ccl, Stn. D59, 26?25'13"S 135°29'33"E, pool at head of large spring, pH 7.45, cond. 2.47, temp. 38.5°C, 8/5! 
1990, Coll. WP DC. [g,h] 
Cc3, Stn. D61, 26°25'47"S 135°29'24"E, pool at head of very large spring, small species on edge, large 
species down to 2m+, pH 7.45, cond. 1.68, temp. 39°C, 9/5/1990, Coll. WP TT. [g,h] 

Cc4, Stn. D57, 26°24'10"S 135°29'20"E, large spring, in upper outflow, pH 7.60, cond. 1.45, temp. 38°C, 8/5! 
1990, Coll. WP, DC. [h] 

Cc8, Stn. D69, 26°25'48"S 135°29'54"E, small trickle on large mound, upper outflow, pH 7.30, cond. 2.72: 
temp. 24°C, 9/5/1990, Coll. DC SC. [h] 

Cdl, Stn. D40, 26°25'00"S 135°30'19"E, large spring, in below head, small species on edge, large species 
throughout pool, pH 7.12, cond. 1.55, temp. 36°C, 7/5/1990, Coll. WP DM. [h,g] 
CO), Stn. D41, 26°24'58"5 135°30'20"E, head of spring, in outflow of small hot spring flowing into mai! 
pool, pH 7.75, cond. 1.39, temp. 39.5°C, 7/5/1990, Coll. WP. [g] 
Cdl, Stn. D42, 26°24'58"S 135°30'21"E, upper ouflow 100m down from pool, pH 7.67, cond. 1.45, temp: 
35°C, 7/5/1990, Coll. WP. [g] 
Cdl, Stn. D43, 26°24'57"5 135?3021"E, middle outflow, 250m from pool, pH 7.79, cond. 1.46, temp: 
34.5*C, 7/5/1990, Coll. WP. [g] 
Cd2, Stn. D80, 26?24'12"S 135°30'12"E, very large spring, pool at head, рН 7.89, cond. 1.31, temp. 33?C, 10) 
5/1990, Coll. WP TT. [g,h] 
Саз, Stn. 079, 26°24'19"S 135°30'06"E, small seep, at head, pH 7.32, cond. 1.45, temp. 34°C, 10/5/1990. 

- Coll. WP TT. [h] 

Са5, Stn. D63, 26°24'38"S 135°30'06"E, small spring, at head, pH 7.24, cond. 1.35, temp. 39°C, 10/5/1990. 
Coll. WP TT. [h] 
Са8, Stn. D72, 26°24'50"5 135°30'24"E, large spring, upper outflow, pH 7.70, cond. 1.30, temp. 40°C, 9/5! 
1990, Coll. DC SC. [g] 

Cd9, Stn. D71, 26?24'48"S 135°30'24"E, seepage on large mound, pH 7.63, cond. 1.51, temp. 20°C, 9/5/1990. 
Coll. DC SC. [h] 



D а : alhousie Springs hydrobiids 

К 

Cd ongian" SC g Stn. D70, 269244075 135°30'29"E, small seepage on large mound, temp. 24°C, 9/5/1990, Coll. DC 

D o 1 " 
e Stn. D56, 26 26 58 S 135°29'08"E, small seepage on large mound, pH 6.99, cond. 2.96, temp. 24°C, 8/ 

x 90, Coll. WP TT. [h] 
E Sn D45, 2626345 135°29'25"E, medium spring, small pool in upper outflow, pH 7.38, cond. 1.57, 

dr 32*C, 8/5/1990, Coll. JW DM. [h] 
vo Stn. D44, 26?26'34"S 135°29'33"E, medium spring, upper outflow, pH 6.51, cond. 1.57, temp. 34.5 

CR 990, Coll. JW DM. [h] 
SEN D31, 26°26'56"S 135°30'02"E, small seepage on large mound, temp. 24.5°C, 6/5/1990, Coll. WP 

SC 

Db PE 
2, Stn. D20, 26°27'15"S 135?30'12"E, large spring, near head, pH 6.66, сопа. 2.06, temp. 31°C, 6/5/1990, 

Cei WP DC. [h] 
b. ры, Stn. D29A, 26927225 135°30'24"E, cold seep on large mound, pH 6.96, cond. 1.91, temp. 28 

Em 0, Coll. WP DC. [h] 
9) EE 135°30'09"E, medium spring, upper outflow, pH 7.82, con 

c asm D62, 26°29'51"S 135°30'09"E, lower swampy ouflow, 
= l. WP TT. [f] 
2 u " 

Coll Iw Son QUE 5 135*3004"E, small spring, at head, pH 7.80, cond. 1.86, temp. 31 
ЕЗ | d D23A, 26°28'08"S 135°29'42"E, 

small trickle, spring head, pH 7.11, con 

4 ‚ Coll. JW DM. [f] 8, Stn. D23B, 26°28'04"5 135°29'41"Е, about 20m from D23A, in open boggy area, pH 7.11, cond. 5.46, 

= 5 19°С, 6/5/1990, Coll. JW DM. [f] 

WDM eer 26929085 13592938"Е, small active spring, pH 7.18, cond 
E7, Stn. 27, Su. D17A, 26°29'47"S 135°30'00"E, small warm seep on large mound, pH 7.5, cond. 2.7, temp. 31 

is 0, Coll. WP DC. [h] SE pis 26929475 135?29'55"E, small seep on large mound, on wet mud, temp. 25°C, 5/5/1990, Coll. 

Fl, Stn. Gi Stn. D54, 26°30'54"5 135°29'11"Е, small active spring on large mound, at head, pH 7.20, cond. 1.81, 

2 К 21°C, 8/5/1990, Coll. WP. [h] 
| ‚ Stn. D55, 265301375 135°29'24"E, small active spring, upper outflow, pH 7.0 ES ELM Coll. WP. [h] 2 tn. D53, 26°31'06"S 135?29'15"E, small seep, pH 6.45, cond. 1.91, temp. 20°C, 8/5/1990, Coll. WP DC. 

°C, 6/5/ 

d. 1.60, temp. 30?C, 5/5/ 

pH 7.81, cond. 1.75, temp. 16.5°C, 9/5/1990, 

°C, 5/5/1990, 

d. 5.46, temp. 22?C, 6/5/ 

. 1.80, temp. 25°C, 6/5/1990, Coll. 

EA; 

7, cond. 1.18, temp. 28°C, 

Gal o "Dm. D13, 26°31'36"S 135°29'59"B, small seep, pH 7.5, cond. 2.39, temp. 16°C, 5/5/1990, Coll. DC ТТ. 

Ga2 
ЫЗ. DOSA, 26°31'39"S 135°29'58"E, medium spring, in pool at head, рН 6.80, cond. 1.96, temp. 319С, 

an ae Coll. JW SC. [h] 

JW e CH 26931425 135?29'59"E, middle outflow, 

Саз, s 
19 

pH 7.30, cond. 2.06, temp. 20°C, 5/5/1990, Coll. 

tn. D14, 269317275 135°30'00"E, medium spring, pool at head, pH 7.33, cond. 2.57, temp. 34°C, 5/5/ 

aay Coll. WP DC TT. [h] 
‚ Stn. D12, 26°31'35"S 135°29'59"E, small seep on large mound, temp. 20°C, 5/5/1990, Coll. DC TT. [h] 

Саб 
Se D15, 269317055 135°30'01"E, small seepage on medium mound, pH 7.35, cond. 6.26, temp. 21°C, 

Gas 90, Coll. WP DC. [f] 

Wee ie 26°31'06"5 135%3003"Е, small trickle, рН 7.48, cond. 2.19, temp. 35.5 

НІ, 
249 

°С, 5/5/1990, Coll. 

Stn. DOI, 26°33'43"S 13592847"Е, small active spring, medium mound, pH 7.24, cond. 2.02, temp. 

Ў KE Coll. WP DC JW SC. [h] 

temp 15,19, Emily Springs, 26°33'23"S 135°2715"E, large spring, upper outflow, pH 6.71, 
: 22°C, 6/5/1990, Coll. WP DC. [h] 

cond. 1.89, 
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APPENDIX 2 

Measurement tables for shells i 
Table 2. Means and standard deviations (below) of shell measurements and ratios for Dalhousia globosa and D. harrisi. 

Dalhousia globosa 
SL SW AL AW BW SWISL AW/AL AL/SL BW/SL AW/SW 

Spring A1 (D4A), Female, М-58 

3.40 2.62 1.87 1.66 2.86 0.77 0.89 0.55 0.85 0.63 
0.55 0.39 0.29 0.23 0.43 0.04 0.05 0.03 0.03 0.02 
Male, N=35 i 
3.34 2.54 1.79 1.60 2.78 0.76 0.90 0.54 0.83 0.63 

0.45 0.30 0.22 0.18 0.35 0.04 0.04 0.03 0.05 0.02 
Spring А2 (D9), Female, N=28 

4.27 3.17 2:05 1.98 3.53 0.74 0.88 0.53 0.83 0.63 
0.19 0.13 0.10 0.09 0.15 0.03 0.03 0.02 0.02 0.02 
Male, М-27 

4.08 3.06 2.17 1.88 3.37 0.75 0.87 0.53 0.83 0.61 

0:30 0.22 0.16 0.13 0.22 0.04 0.05 0.02 0.01 0.02 
Spring A3 (D2B), Female, М-27 

2.51 1.74 1.27 1.17 2.04 0.70 0.92 0.51 0.81 0.67 
0.24 0.17 0.13 0.11 0.19 0.03 0.04 0.03 0.02 0.02 
Male, N=25 

2.48 1.72 1.23 1.16 2.00 0.69 0.94 0.50 0.81 0.68 
0.22 0.15 0.10 0.09 0.17 0.03 0.03 0.02 0.02 0.02 

Spring Cal (025, D26, D28, D46), Female, М-119 

2.81 2.21 1.55 1.42 2.40 0.79 0.91 0.56 0.86 0.64 

0.72 0.56 0.40 0.37 0.58 0.05 0.05 0.05 0.03 0.03 
Male, N=81 

2.70 2.12 1.47 1.36 2.32 0.79 0.93 0.54 0.86 0.64 
0.64 0.50 0.36 0.33 0.51 0.03 0.04 0.03 0.02 0.03 

Spring Cala (D24), Female, N25 

2.83 1.98 1.44 1.25 2.29 0.70 0.87 0.51 0.81 0.63 
0.21 0.17 0.14 0.12 0.20 0.02 0.04 0.02 0.03 0.02 
Male, N26 

2.79 1.88 1.38 1.26 DIOS 0.68 0.91 0.50 0.81 0.67 
0.38 0.24 0.18 0.14 0.30 0.03 0.03 0.02 0.02 0.02 

Spring Са9 (D64), Female, N=16 

2.71 1.86 1.30 1.25 2.21 0.67 0.96 0.47 0.79 0.67 
0.29 0.22 0.15 0.14 0.24 0.04 0.03 0.02 0.02 0.03 
Male, N=34 

2.58 1.73 1:22; 1.17 2.06 0.67 0.96 0.47 0.80 0.68 
0.29 0.17 0.14 0.11 0.20 0.04 0.05 0.02 0.02 0.03 

Spring Cb2 (D51, D52), Female, N=52 

2.90 2.11 1.50 1.34 2.42 0.73 0.90 0.52 0.83 0.64 
0.46 0.37 0.27 0.20 0.41 0.04 0.05 0.03 0.03 0.03 
Male, М-57 

2.86 2.11 1.51 1.34 241 0.74 0.90 0.53 0.84 0.64 
0.48 0.43 0.30 0.22 0.45 0.05 0.05 0.04 0.04 0.04 

Spring Cc3 (D61), Female, М-30 

3.23 2.48 1.72 1.53 2.69 0.77 0.89 0.53 0.83 0.62 
0.29 0.22 0.17 0.13 0.22 0.04 0.05 0.03 0.02 0.02 
Male, №25 
3.08 2.34 1.61 1.47 2.56 0.76 0.91 0.52 0.83 0.63 
0.22 0.18 0.12 0.10 0.18 0.03 0.04 0.03 0.02 0.03 

Spring Cdl (D40-D43), Female, №143 

3.24 2.47 1.74 1.54 2.70 0.77 0.89 0.54 0.84 0.63 

0.70 0.48 0.32 0.28 0.55 0.05 0.04 0.04 0.03 0.02 
Male, N=69 

3.29 2.48 1.74 1.56 2.72 0.76 0.90 0.53 0.83 0.63 

0.69 0.47 0.34 0.28 0.52 0.04 0.05 0.03 0.03 0.03 



Dalhousie Springs hydrobiids 
i 

SL SW AL AW BW SW/SL AW/AL AL'SL BW/SL AWISW 

Dalhousia harrisi 

Spring A2 (D9), Female, М-49 
2.88 1.88 1.35 1.29 2.30 0.65 0.96 0.47 0.80 0.69 

0.26 0.17 0.14 0.10 0.20 0.03 0.06 0.02 0.02 0.03 

Male, М-54 

2.65 1.73 1.24 1.19 2.11 0.65 0.96 0.47 0.80 0.69 

1 0.30 0.20 0.15 0.13 0.23 0.03 0.04 0.02 0.02 0.03 

Spring АЗ (D2A), Female, N28 
2.80 1.79 1.27 1.25 2.17 0.64 0.98 0.46 0.78 0.70 

0.23 0.15 0.11 0.11 0.14 0.03 0.05 0.02 0.02 0.03 

Male, N=27 

2.69 1.70 1.21 1.20 2.06 0.63 0.99 0.45 0.77 0.70 

Р 0.15 0.10 0.06 0.08 0.10 0.03 0.05 0.02 0.02 0.03 

Spring А6 (010), Female, №12, 
2.95 1.87 1.36 1.25 2.27 0.64 0.92 0.46 0.77 0.67 

0.18 0.15 0.14 0.11 0.14 0.02 0.05 0.03 0.02 0.03 

Male, №13 

2.80 1.83 1.33 1.22 2.17 0.65 0.92 0.46 0.78 0.67 

ST 0.15 0.07 0.07 0.06 0.09 0.03 0.04 0.02 0.02 0.02 

Pring B2 (D74), Female, N=19 
2.90 1.86 1.34 1.27 2.26 0.64 0.96 0.46 0.78 0.69 

0.49 0.31 0.24 0.20 0.35 0.03 0.05 0.02 0.02 0.04 

Male, М-36 

2.74 1.75 1.26 1.18 2.13 0.64 0.94 0.46 0.78 0.68 

Shri 0.55 0.29 0.23 0.16 0.36 0.04 0.06 0.02 0.03 0.04 

Pring Cal (D25), Female, N=22 
2.80 2.01 1.44 1.35 2.29 0.72 0.94 0.51 0.82 0.67 

0.23 0.15 0.11 0.10 0.17 0.04 0.04 0.02 0.02 0.04 

Male, N22 

2.79 à Lë 1.42 1.33 2.27 0.70 0.93 0.51 0.81 0.68 

Spri 0.28 0.16 0.13 0.11 0.20 0.03 0.04 0.02 0.02 0.03 

Pring Ca2 (D78), Female, N=22 
2.44 1.55 1.13 1.12 1.90 0.64 0.99 0.46 0.78 0.72. 

0.25 0.14 0.12 0.13 0.16 0.03 0.05 0.03 0.03 0.03 

Male, М- 

2.30 es 1.06 1.05 1.80 0.63 0.99 0.46 0.78 0.73 

0.22 0.12 0.10 0.11 0.14 0.02 0.04 0.02 0.03 0.04 

Spring Саз (D76), Female, №24 

3.77 2.39 171 1.56 2.88 0.64 0.92 0.45 0.77 0.66 

0.69 0.42 0.30 0.25 0.46 0.04 0.05 0.03 0.02 0.03 

Male, М-26 

3.09 1.98 1.41 1.31 2.39 0.65 0.94 0.46 0.78 0.67 

0.59 0.31 0.24 0.18 0.38 0.04 0.04 0.02 0.03 0.03 

Spring CaS (D75), Female, N=27 
4.13 2.97 2.05 1.86 3.27 0.72 0.91 0.50 0.79 0.63 

0.53 0.41 0.27 0.21 0.38 0.03 0.05 0.02 0.02 0.03 

Male, N=23 

3.74 2.64 1.80 1.67 2.92 0.71 0.93 0.48 0.78 0.64 

0.53 0.41 0.25 0.22 0.37 0.03 0.03 0.02 0.02 0.03 

Sprin g CAT (D34, D35), Female, №42. 
269 062 095 045 076 0.68 

3.57 2.19 1.58 1.49 

0.84 0.45 0.33 0.29 0.54 0.03 0.04 0.02 0.04 0.03 

Male, N=58 

3.3] 2.06 1.47 1.40 2.52 0.63 0.96 0.45 0.77 0.69 

0.88 0.48 0.35 0.31 0.57 0.04 0.04 0.03 0.04 0.03 
S . 

Pring Са8 (D38, D77), Female, N=38 
211 1.73 
038 020 

210 0.64 0.99 0.46 0.78 0.70 

0.26 0.04 0.07 0.03 0.04 0.04 
— N 

La N 

Kelte оо 
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SL SW 

Male, N238 
2.48 1.64 
0.35 0.20 

Spring Са12 (D36), Female, N=25 

2.71 1.74 
0.26 0.14 
Male, N=25 

2.48 1.59 
0.28 0.14 

Spring Cb4 (D81), Female, N=34 
2.62 1.69 
0.20 0.12 
Male, №21 
2.37 1.56 
0.24 0.14 

Spring Cb5 (D48, 049), Female, М-41 

2.99 1.89 
0.37 0.22 
Male, N=64 

2.70 1.72 
0.23 0.15 

Spring Сс1 (059), Female, N=24 
2.57 1.67 
0.22 0.13 
Male, N=31 

2.40 1.54 
0.32 0.16 

Spring Cc3 (D61), Female, №30 

2.69 1.86 
0.26 0.15 
Male, N=25 

2.62 1.83 
0.26 0.19 

Spring Cc8 (D69), Female, М-31 

2.91 1.82 
0.33 0.20 
Male, N224 

2.86 1.78 
0.21 0.10 

Spring Са1 (D40), Female, N=21 

2.60 1.81 
0.19 0.13 
Male, N=34 
2.54 1.84 
0.22 0.34 

Spring Cd2 (D80), Female, N224 

2.74 1.97 
0.18 0.10 
Male, N231 
2.72 1.88 
0.22 0.15 

Spring Cd3 (D79), Female, N220 

1 2.87 1.82 

0.51 0.21 
Male, N=24 

2.40 1.60 
0.26 0.17 

AL 

1.24 
0.11 

1.22 
0.11 

1.37 
0.13 

1.29 
0.15 

AW SW/SL AW/AL AL/SL BW/SL AW/SW 

0.66 
0.03 

0.63 
0.03 

0.64 
0.03 

0.65 
0.02 

0.66 
0.03 

0.63 
0.02 

0.64 
0.03 

0.65 
0.03 

0.65 
0.05 

0.69 
0.03 

0.70 
0.02 

0.63 
0.03 

0.62 
0.02 

0.70 
0.04 

0.73 
0.13 

0.72 
0.04 

0.69 
0.03 

0.64 
0.08 

0.67 
0.03 

1.00 
0.08 

0.95 
0.05 

0.97 
0.04 

0.97 
0.05 

0.98 
0.04 

0.98 
0.05 

0.99 
0.04 

0.95 
0.04 

0.95 
0.04 

0.91 
0.04 

0.92 
0.03 

0.98 
0.03 

0.99 
0.05 

0.92 
0.04 

0.94 
0.03 

0.92 
0.03 

0.93 
0.03 

0.95 
0.04 

0.92 
0.05 

0.46 
0.03 

0.47 
0.03 

0.47 
0.02 

0.46 
0.01 

0.47 
0.02 

0.45 
0.02 

0.46 
0.02 

0.48 
0.02 

0.47 
0.03 

0.51 
0.02 

0.51 
0.02 

0.45 
0.02 

0.45 
0.02 

0.51 
0.02 

0.50 
0.02 

0.51 
0.02 

0.49 
0.02 

0.46 
0.06 

0.48 
0.02 

0.79 
0.03 

0.78 
0.02 

0.79 
0.02 

0.79 
0.02 

0.79 
0.03 

0.77 
0.03 

0.78 
0.02 

0.80 
0.02 

0.80 
0.03 

0.82 
0.02 

0.82 
0.02 

0.77 
0.03 

0.77 
0.02 

0.82 
0.02 

0.82 
0.02 

0.82 
0.03 

0.80 
0.02 

0.77 
0.09 

0.79 
0.03 



Dalhousie Springs hydrobiids 

SL SW 

Spring Cd5 (D63), Female, N=40 
2.79 1.79 

0.32 0.15 
Male, N=65 

2.58 1.67 

a 0.27 0.15 

Pring Cd9 (D71), Female, N=28 

3.54 2.17 

0.29 0.15 

Male, N227 

3.44 2.07 
T 0.27 0.17 

Pring Da2 (05), Female, N=57 
3.02 2.01 

0.32 0.18 

Male, N=48 

2.97 1.97 
Së 0.32 0.21 

Pring Da3a (D44), Female, N=22 

3.00 1.94 
0.26 0.15 
Male, М-33 

2.95 1.89 
Spri 0.31 0.21 

ing Db1 (D31), Female, N=14 

2.78 1.80 

0.28 0.16 

Male, N233 

2.58 1.68 
Spi 0.27 0.16 

ng Db4a (D21, D29), Female, N=27 
2.59 1.64 

0.31 0.16 

Male, Nz14 

1.48 1.09 
Spri 0.10 0.07 

ing E] (D6), Female, N=24 
3.60 2.29 

0.34 0.23 
Male, N=26 

3.41 2.17 
Spri 0.44 0.29 

ing E2 (D7), Female, №26 
3.04 1.99 

0.31 0.21 

Male, N=29 

2.89 1.89 
Shs 0.26 0.17 

'ng E5 (D8), Female, N=13 
3.03 2.06 

0.49 0.29 

Male, М-9 

2.54 1.74 

0.33 0.20 

BW 

2.16 
0.21 

2.02 
0.17 

2.61 
0.18 

2.55 
0.18 

2335 
0.23 

2.32 
0.23 

2.30 
0.19 

2.28 
0.23 

2.18 
0.19 

2.04 
0.19 

2.03 
0.22 

1.57 
0.51 

2.77 
0.25 

2,59 
0.32 

2.36 
0.23 

2105 
0.21 

2.36 
0.36 

2.01 
0.23 

89 

SW/SL AW/AL AL'SL BW/SL AW/SW 

0.64 
0.04 

0.65 
0.03 

0.61 
0.03 

0.60 
0.03 

0.67 
0.03 

0.66 
0.02 

0.65 
0.03 

0.64 
0.03 

0.65 
0.03 

0.65 
0.02 

0.64 
0.03 

0.74 
0.02 

0.64 
0.03 

0.64 
0.03 

0.66 
0.03 

0.65 
0.02 

0.68 
0.03 

0.69 
0.02 

0.96 
0.05 

0.96 
0.04 

0.93 
0.05 

0.91 
0.06 

0.94 
0.05 

0.96 
0.05 

0.92 
0.04 

0.92 
0.04 

0.94 
0.05 

0.94 
0.05 

0.97 
0.04 

1.76 
0.07 . 

0.95 
0.05 

0.97 
0.05 

0.94 
0.05 

0.94 . 
0.04 

0.93 
0.07 

1.00 
0.14 

0.46 
0.02 

0.47 
0.02 

0.43 
0.02 

0.44 
0.02 

0.48 
0.02 

0.48 
0.02 

0.47 
0.02 

0.48 
0.02 

0.47 
0.02 

0.48 
0.02 

0.46 
. 0.02 

0.71 
0.03 

0.45 
0.02 

0.45 
0.02 

0.47 
0.02 

0.47 
0.02 

0.48 
0.02 

0.49 
0.02 

0.78 
0.02 

0.79 
0.03 

0.74 
0.02 

0.74 
0.02 

0.78 
0.02 

0.78 
0.02 

0.77 
0.02 

0.77 
0.02 

0.79 
0.02 

0.79 
0.02 

0.79 
0.02 

1.06 
0.35 

0.77 
0.02 

0.76 
0.02 

0.78 
0.02 

0.78 
0.02 

0.78 
0.02 

0.79 
0.02 

0.68 
0.03 

0.69 
0.03 

0.65 
0.03 

0.66 
0.03 

0.68 
0.03 

0.69 
0.03 

0.67 
0.02 

0.68 
0.03 

0.68 
0.02 

0.69 
0.03 

0.70* 
0.03 

1.71 
0.06 

0.67 
0.03 

0.68 
0.03 

0.68 
0.03 

0.68 
0.03 

0.66 
0.03 

0.71 
0.10 
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SL SW 

Spring E7a (D17A), Female, N=32 

2.86 1.72 
0.27 0.12 
Male, N=18 

2.61 1.62 
0.18 0.10 

Spring E8 (D18), Female, N=25 

2.91 1.74 
0.28 0.15 
Male, N=25 

2.84 1.73 
0.24 0.13 

Spring F1 (054), Female, N=46 
3.44 2.18 
0.39 0.23 
Male, N=58 

3.34 2.07 
0.44 0.26 

Spring Ga2 (D5), Female, N=27 

SET 1.61 
0.35 0.17 
Male, N=23 

2.27 1.48 
0.30 0.18 

Spring Ga3a (D14), Female, N=22 
3.10 1.93 
0.28 0.19 
Male, №28 

2.90 1.82 
0.30 0.19 

Spring Ga6b (D16), Female, М-50 

3.07 1.97 
0.57 0.31 
Male, М-52 

2.64 1.73 
0.54 0.32 

Spring НІ (D1), Female, М-28 
Ж 79218. 1.99 

0.34 0.19 
Male, М-27 

2.88 1.90 
0.19 0.12 

Spring H3 (019), Female, М-13 

3.35 2.10 
0.18 0.14 
Male, N=12 

3.35 2.03 
0.21 0.11 

1.24 
0.11 

1.57 
0.19 

1.51 
0.20 

1.04 
0.15 

AW 

1.22 
0.09 

BW SW/SL AW/AL AL/SL BW/SL AW/SW 

0.60 
0.03 

0.62 
0.03 

0.60 
0.02 

0.61 
0.02 

0.63 
0.02 

0.62 
0.03 

0.64 
0.05 

0.65 
0.03 

0.62 
0.02 

0.63 
0.03 

0.64 
0.04 

0.66 
0.04 

0.64 
0.03 

0.66 
0.02 

0.63 
0.02 

0.61 
0.03 

0.97 
0.04 

0.98 
0.05 

1.00 
0.03 

0.98 
0.05 

0.91 
0.05 

0.91 
0.06 

0.92 
0.07 

0.96 
0.09 

0.96 
0.035 

0.97 
0.06 

0.88 
0.05 

0.90 
0.05 

0.95 
0.05 

0.976 
0.04 

0.94 
0.04 

0.96 
0.04 

0.44 
0.02 

0.45 
0.02 

0.44 
0.01 

0.44 
0.02 

0.46 
0.02 

0.45 
0.02 

0.47 
0.06 

0.46 
0.04 

0.44 
0.02 

0.45 
0.02 

0.48 
0.02 

0.49 
0.02 

0.45 
0.02 

0.45 
0.02 

0.45 
0.02 

0.44 
0.02 

0.75 
0.02 

0.77 
0.02 

0.75 
0.02 

0.76 
0.01 

0.76 
0.02 

0.75 
0.02 

0.80 
0.07 

0.79 
0.04 

0.74 
0.03 

0.76 
0.03 

0.79 
0.03 

0.81 
0.03 

0.77 
0.02 

0.77 
0.02 

0.76 
0.02 

0.75 
0.03 

0.71 
0.02 

0.71 
0.04 

0.73 
0.03 

0.70 
0.02 

0.66 
0.04 

0.66 
0.04 

0.67 
0.05 

0.67 
0.04 

0.69 
0.02 

0.69 
0.03 

0.66 
0.03 

0.67 
0.03 

0.68 
0.02 

0.67 
0.02 

0.68 
0.02 

0.69 
0.02 
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Tabl 
63. Means and standard deviations (below) of shell measurements and ratios for Fluvidona centralia. 

SL SW AL AW BW SW/SL AW/AL AL/SL BW/SL AW/SW 
Sa 
Pring Cd11 (D70), Female, N = 6 

1.91 (ue 078 069 139 061 090 041 O73 0.60 
0.16 0.07 0.08 0.05 0.13 0.03 0.03 0.02 0.03 0.02 

Male, N=14 

1.71 1.05 0.70 0.63 1.26 0.62 0.90 0.41 0.74 0.60 

| 0.11 0.07 0.06 0.06 0.09 0.03 0.06 0.02. 0.02. 0.03 

Spring E1 (D62), Female, N=16 
2.63 1.56 1.06 0.91 1.89 0.60 0.86 041 0.72. 0.58 

0.22 0.12 0.09 0.07 0.15 0.03 0.05 0.03 0.03 0.03 

Male, N24 

2.42 1.43 1.01 0.83 1.76 0.59 0.83 0.42 0.73 0.58 

SCH 0.12 0.07 0.07 0.01 0.08 0.02 0.05 0.03 0.03 0.03 

Pring ЕЗ (D23A), Female, N=18 
2.45 1.54 1.05 0.88 1.80 0.63 

0.17 0.09 0.07 0.05 0.10 0.02 0.04 0.02 

Male, N=2 

2.22 1.35 0.92 0.78 : 0.61 0.85 041 0.71 0.57 

Sos 0.23 0.10 0.09 0.06 0.17 0.02 0.02 0.00 0.00 0.01 

Pring F9 (D53), Female, N=14 
2.20 1.36 0.92 0.80 1.59 0.62 0.87 0.42 0.72 0.59 

0.22 0.10 0.09 0.06 0.03 0.05 0.02 0.03 0.01 

Male, N=5 

2.26 1.33 0.90 0.76 1.60 0.59 0.85 0.40 0.71 0.58 

Spring G 029 015 009 009 018 002 005 002 005 001 

8 Gal (D13), Female, М-10 
2.11 1.37 0.93 0.81 1.61 0.65 0.87 0.44 0.76 0.59 

0.18 0.09 0.09 0.06 0.15 0.03 0.04 0.03 0.02. 0.02 

0.84 0.43 0.74 0.57 

0.02 0.02 

Male, М-10 
1.86 1.17 0.80 0.70 1.40 0.63 0.88 0.43 0.75 0.59 

0.23 0.15 0.11 0.09 0.18 0.03 0.04 0.02 0.02 0.02. 
S ^ 

Pring Ga2A (D5), Female, N=16 
290 1.76 1.26 1.00 
023 оп om 006 012 0.02 
Male, N=3 
3.15 1.78 1.30 1002 224 057 078 0441 0.71 0.57 

aaa ao ae (Ой ОД) ( бИр Ой (М0 МЕ 

2.11 0.61 0.80 0.43 0.73 0.57, 

0.04 0.02 0.02 0.02 
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and mean number of alleles per locus, the percentage of loci where more t 

APPENDIX 3 

Allozyme data 

Table 4. Measures of genetic variation within samples of Dalhousia globosa. The columns give the mean sample sir 

han one allozyme was detected, D 

mean observed heterozygosity and Nei's (1978) unbiased estimate of expected heterozygosity. Standa 

deviations are given in brackets. 

Population 

1. D4A (Al) 

2. D9 (A2) 

3. D2A (A3) 

4. D1 la (A8) 

5. D73 (ВІ) 

6. D24 (Cala, hot spr) 

7. D25 (Cal pool) 

8. D26 (Cal outflw) 

9. D28 (Cal outflw) 

10. D46 (Cal outflw) 

11. D77 (Ca8) 

12. D77 hybrids 

13. D64 (Ca9) 

14. D51 (Cb2) 

15. D52 (Cb2) 

16. D59 (Сс1) 

17. D61 (Cc3) 

18. D40 (Cd1 pool) 

19. D43 (С41) 

20. D41 (Cdl head) 

21. D42 (Cdl outflw) 

22. D80 (Cd2) 

23. D80 hybrids 

24. D72 (Cd8) 

Mean sample 
size per 
Locus 

Mean no. 

of alleles 

per locus 

Percentage 

of loci 
polymorphic 

21.9 

12.5 

28.1 

37.5 

34.4 

15.6 

53.1 

28.1 

21.9 

18.8 

12.5 

37.5 

18.8 

Mean heterozygosity 

Direct- HdyWbg 
count expected 

.057 ‚075 
( .022) ( .031) 

067 063 

( .035) ( .031) 
077 106 

( .036) ( .037) 
043 084 

( .015) ( .027) 
067 113 

( .024) ( .038) 
018 .021 

( .008) ( .009) 
046 099 

( .016) ( .030) 
029 057 

( .014) ( .025) 
043 066 

( .019) ( .028) 
048 063 

( .023) ( .028) 
015 .043 

( .015) ( .028) 
050 .049 

( .036) ( .026) 
028 064 

( .015) ( .029) 
068 .092 

( .024) ( .031) 
075 107 

( .033) ( .039) 
071 .097 

( .032) ( .036) 
090 079 

( .042) ( .033) 
084 088 

( .033) ( .035) 
119 .138 

( .039) ( .043) 
079 089 

( .034) ( .035) 
130 114 

( .048) ( .038) 
052 082 

( .026) ( .032) 
101 .119 

( .037) ( .035) 
055 .054 
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Table 5 i i : Меазшез of genetic variation within samples of Dalhousia harrisi. The columns give the mean sample size 

and mean number of alleles per locus, the percentage of loci where more than one allozyme was detected, the 

mean observed heterozygosity and Nei's (1978) unbiased estimate of expected heterozygosity. Standard 

deviations are given in brackets. 
Mean heterozygosity 

Mean sample Mean No. Percentage 

bos AE NEC D Zi 
) 18.1 13 28.1 064 083 

oe d. c E E 6. 
3. D2(A3) Gë Lë es D Ming 

£ D10 (A6) leit SE 18.8 Ge ica 

Das DEM EUIS Pte 
E ү 79 mo 313 | CH i ae 

7. D74 (B2) A od EE 25.0 Ser | s 

8.025 (Cal pool) Lei Чг ma 039. е) 

NEC LL. 2, 
10. D76 (Саз) Sie on 28.1 | ; SCH in 

ee NO IO E 
me И ТЕУ 
чо L0 SIS NEUE 
«ЛК INI Е 
ER — Oh ou e 
16.036 (Ca12) E Kë eg `. SC ae 

NC NO QOO T 
8.081 (Сыр YA Le 21.9 960 arn 

15. D48 (Cbs head) у Vë 18.8 | SEH \ Ze 

BE E S и. 
e et o 
22. D61 (Сез) 39 we 12.5 | en ; GE 

23. D57 (Cea) Ta o 12.5 KC ) бө 

Ж 
25. D40 (Cd pool) de E 312 Сое о 

024) ( .037) 
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Population 

26. D80B (Cd2) 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

972 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

D79 (Cd3) 

D63 (Cd5) 

D71 (Cd9) 

D56 (Dal) 

D45 (Da2) 

D44 (Da3) 

D31 (Db1) 

D20 (Db2) 

D29 (Db4) 

рб (El) 

D7 (E2) 

D8 (Е5) 

D17A (E7) 

D18 (Е8) 

D54 (F1) 

D55 (F2) 

D5 (Ga2) 

D14 (Ga3) 

D12 (Ga4) 

D16 (Ga6) 

D1 (H1) 

D19 (H3) 

Mean sample 

size per 
Locus 

Mean No. 

of alleles 
per locus 

1.4 

C.D) 
1.3 

IS 
1.3 

( .1) 
1.1 

(1) 
1.2 

LJ 
1.2 

LJ 
1.2 

LJ 
1.3 

LJ 
1.3 

С.) 
1.2 

С.) 
1.4 

LJ 
1.5 

LI 
1.3 

LJ 
1.3 

CD 
1.3 

(ЖТ) 
153 

C.1) 
1.3 

( A 
1.3 

С.) 
1.3 

С.) 
1.2 

C.D 
1.5 

(41) 
1.3 

LJ 
1.3 

( .1) 

Percentage 

of loci 
polymorphic 

31.3 

21.9 

21.9 

12.5 

21.9 

12.5 

18.8 

18.8 

31.3 

15.6 

34.4 

34.4 

25.0 

25.0 

15.6 

25.0 

21.9 

31.3 

25.0 

15.6 

37.5 

18.8 

21.9 

Mean heterozygosity 

Direct- 

count 

.068 

HdyWbg 
expected 

.084 
( .028) 

.098 
( .036) 

.079 
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Table 6. Measures of genetic variation within samples of Fluvidona centralia. The columns give the mean sample size 

and mean number of alleles per locus, the percentage of loci where more than one allozyme was detected, the 

mean observed heterozygosity and Nei’s (1978) unbiased estimate of expected heterozygosity. Standard 

deviations are given in brackets. 

Mean sample Mean No. Percentage Mean heterozygosity 

P , size per of alleles of loci Direct- HdyWbg 

opulation Locus per locus polymorphic count expected 

l. D70 (Cd11) 3.7 10 4.0 020 017 

(2) (0) ( .020) ( .017) 

2. D62 (E1 outflow) 11.7 1.0 0 000 000 

(n2) (4) - ( .000) ( .000) 

3. D23A&B (ЕЗ) 12.9 10 0 000 000 
(225) ( .0) ( .000) ( .000) 

^. D53 (F9) 9.3 1.0 4.0 003 003 

5 ( .4) ( .0) ( .003) ( .003) 

“БІЗ Gal) 12.0 11 12.0 027 048 

6. D5 (0 (62!) ( .016) ( .027) 

: 25 outflow (Ga2) 12.0 1.2 16.0 .053 .062 

(0 ( .1) ( .026) ( .030) 

7.015 (баб) 4.0 10 40 020 023 
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X 

Table 7. Gene frequency data for Dalhousia globosa. The number of scorded individuals follows the locus name. 

Identifiable hybrids are listed separately in Ca8 and Cd2. 
Population 

Spring AI A2 A3 A8 Bl Cala Са! Cal Cal Cal Ca8 Са8 
Station D4A DI D2A DII D73 D24 D25 D26 D28 D46 D77 D77(hybrid) 
Allozyme 

ADH 4 4 5 2 4 6 15 8 8 8 4 
1 033 

2 .033 .063 
2) 875 1.000 1.000 ‚1.000 1.000 1.000 .933 1.000 .938 1.000 1.000 
4 125 

ALKP 6 10 12 23 19 20 79 57 53 44 21 13 
2 018 ‚023 1038 
3 1233240028937 2231255025287 0322229070 0428 ALIS 5571 500 
4 1558: .450 .375 1.000 .553  .075 418  .518  .396 .375 .095 .038 
5 083  .150 250 211 494 .395 .557 443 23333 423 
6 006 ‚023 

ААТ1 6 6 11 9 2 6 52 12 8 8 2 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

AAT2 6 6 11 9 2 6 52 12 8 8 2 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

ENO 8 6 6 9 5 8 35 12 8 8 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

EST) 6 6 11 22 17 20 76 57 53 44 22 11 
1 1182: .045 
2 1.000 1.000 .818 .568 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

3 .023 
5 .364 

EST2 6 6 11 27 17 20 76 57 53 44 22 11 
2 .019 
3 1.000 1.000 1.000 .981 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

EST3 6 6 11 28 17 20 76 57 53 44 22 11 
1 018 018 
2 091 142 273 
3 1.000 1.000 .909 .982 1000 1000 .934  .982 .840  .727 1.000 1.000 
4 019 
5 066 

ЕН 6 6 9 8 4 6 37 12 8 8 1 
1 ‚625 
2 1.000 1.000 1.000 .375 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

GAL 6 6 6 32 19 6 36 24 20 20 1 
1 031 083 
2 1.000 1.000 1.000 .969 1.000 917 1.000 1.000 1.000 1.000 
3 1.000 

GPD 6 6 10 8 4 6 38 12 8 8 1 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

GPI 6 6 6 28 18 22 82 57 53 44 21 17 
1 ‚056 009 
2 200 1.000 444 .012 .079  .689 .659 
3 .250 171 
4 167 1.000 1.000. .500 1000 9817 912 311 .341 1.000 1.000 
5 083 

НК 6 6 6 8 4 6 41 12 8 8 
2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
BDH 8 6 6 28 18 8 44 12 8 8 6 
2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

IDHI 6 6 10 8 4 20 83 57 53 44 22 11 
l ‚045 091 
3 1.000 1.000 1.000 1.000 1.000 1.000 .970 1.000 1.000 1.000 .955 .909 
4 
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Spring 
Population 

ee Al А2 лз А8 ВІ iGala (Call Са! бй (баш Cas Ca8 

Assen ША DI DIA Dil 073 D24 105 D26 D28 D46 D77 D77(hybrid) 

Eiz 3-о dB wd 9 de 898 400 E 1 

3 1000 1.000 1.000 1.000 1.000 1.000 .994 1.000 1.000 1.000 1.000 1.000 

LAL 
.006 

i 6 6 а 2 бю Жж 9) e 990055 6 5 

Б 467 467 009 

3 oan 833 1000 859 4895 1.000 .772 1.000 1.000 1.000 1.000 1.000 

LAP 14] .105 219 

i 6 а а шот DM о 099 ж GE П 

2 033 009 

E 1.000 1.000 967 950 2976 1.000 .993 991 1.000 1.000 1.000 500 

LGG] 050 .024 007 .500 

i 6 3 ш m ій 29 $ оі о 4 3 

3 1000 1.000 1.000 1.000 971 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

2 6 а p. Т w 2% I о. 89 4 3 

3 167 125 601 088 938. 019 068 .484  .933 208 1.000 

4 167 118 019 453 .050 

2 167 4167 2042  .036 .088 077 250 

Б 893 1667 500 143 2324 063 ШЫ 4865 40653 017 250 

MDH] .167 382 346 068 

1 8 6 O D 5 29 СБ KI ы 99 28-4 17 

2 938 1.000 1.000 1.000 972 1.000 .993 1.000 1.000 1.000 1.000 1.000 

MDH2 .063 .028 

1 8 570-090 9 Ша um 8. F 9 A 17 

MPI 1000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

1 8 6 6 9 3 o än R 8 8 6 

MPI2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

| 8 6 6 9 3 6 46 12 8 8 6 

PPR 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

2 8 6 D (28 A am п ш и 49 Ww 12 

3 
050: .008 167 

Д 1:000 911000108833 go Лр Ы (552 Л ЮЙ unt, ECCO 833 

PGD 167 087 ms 40 009 019 

2 8 6 6 28 Tcu ы Sw Gm 0 al 17 

028 
1 1.000 1.000 1.000 1.000 972 1.000  .994 1.000 1.000 1.000 1.000 1.000 

PGM] 
.006 

2 8 6 а W 157 22 52 ж ӨТЕ 538 440 21 17 

A 1000 1.000 1.000 1.000 1.000 1000 4962 991 1.000 1.000 1.000 1.000 

PGM2 
032 .009 

| 8 6 6 28 ор F £ a Ai 21 17 

5 ЕЗ до ma s. mp (в ui 20 бо S» ШАЮ (НЫШ 

SDH] 063. 583 500 Ой 222 045. GV 1632, 0517 023 

1 6 6 In. A 16 о Ж 8 8 8 2 

2 400 2011 .375 940 1.000 1.000 813 

Spo: 1.000 1.000 .600 .929 .625 1.000 .060 188 1.000 

| 6 6 юй Æ Ae G Æ 8 8 8 2 

2 050 250 313 917 .040 1.000 

TPI 1000 1000 950 1750  .688 083 .960 1.000 1.000 1000 

| 8 6 6 9 3 gov dE 8 8 6 

2 
167 

UPDG 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .833 1.000 1.000 1.000 

4 4 9 3 2 6 9 8 8 8 

| 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
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Population 

Spring Ca) Cb2 СЫ Сі Сз Cdl Cdl Cdl Cdl Са Cd2 (hybrid) СФ 
Station D64 D51 D52 D59 D6l D40 D43 D4l D42 D80 D80 D72 
Allozyme 

ADH 6 10 5 4 4 7 6 4 4 4 4 4 
2 .100 125 125 125 
3 1.000 1.000 .700 1.000 .875 1.000 .917 1.000 1.000 .875 875 1.000 
4 200 083 

ALKP 51 14 9 10 1j 12 10 10 5 5 4 8 
2 167 071 .083 .050 
3 214 111 429 .208 250 100 200 
4 1235 .679 .500 “600 2208 .300 .650 200 .300 .625 .938 
aj 765 107 222 .400 .500 50 400 250 .600  .700 375 .063 

AATI 6 14 7 6 9 9 8 10 4 3 6 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

AAT2 6 14 7 6 9 9 8 10 4 3 6 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

ENO 9 14 6 6 4 7 8 6 4 4 4 6 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

ESTI 51 12 5 6 9 7 6 10 4 9 15 4 
1 083 200 167 

980 .917 .800 1.000 1.000 1.000 .833 1.000 1.000 1.000 1.000 1.000 
3 020 

EST2 51 12 5 6 9 7 6 10 4 9 15 4 
2 083 1125 
3 1.000 .917 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .875 

EST3 51 12 5 6 9 7 6 10 4 9 15 4 
1 214 .500 200 
2 083 ‚067 125 
3 1.000 1.000 1.000 1.000 1.000 .571 417 1.000 .500 1.000 .933 875 
4 214 

ЕН 6 12 5 6 9 9 6 6 4 3 6 
2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

GAL 18 12 5 6 9 9 6 6 4 9 15 6 
1 ‚067 
2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 933 1.000 

GPD 6 14 6 6 9 9 8 8 4 3 6 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

GPI 54 12 6 6 4 7 6 6 4 13 17 4 
2 083 1.000 .583 .500 .038 .059 .625 
3 333 333 
4 1.000 .917 1.000 .67 1.000 417  .667 4.500 2.62 941 375 

HK 6 14 6 6 9 9 8 6 4 3 6 
2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

HBDH 9 12 6 6 4 7 6 6 4 13 16 4 
2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

IDHI 51 14 6 6 9 9 8 8 4 3 6 
2 167 
3 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000  .833 1.000 

IDH2 51 14 6 6 9 9 8 8 4 3 6 
2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

LAL 50 14 6 6 9 9 8 6 4 9 15 6 

1 .125 
D 1.000 1.000 1.000 1.000 1.000 1.000 .750 1.000  .875 1.000 ‚967 1.000 
3 125 125 033 

LAP 51 20 11 6 9 16 14 12 8 H 13 10 
2 961 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .500 .950 
3 .039 .500 .050 
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Spring Population 

Station Al A2 A3 A8 Bl Cala Cal Cal Cal Cal Ca8 Са8 | 

Alloz D4A D9 2A D Ti] D73 D24  D25 D26  D28 D46 D77 D(hybrid) 

yme 

Ce aL fg "age" осо а Ж JD у 80 9 15 6 

2 980 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

LGG2 .020 

1 21 14 7 6 5 9 10 9 4 7 13 8 

2 .143 100 .056 077 

3 ‚071 429 ‚286 ‚250 222  .050 167 115 1.000 

4 405 .107 .100 778 200.167 .625 231 

5 .024 .036 500 125 571 500 

6 476 (821 (429 .583 :700 150 61 250 286 

МОН! 024 107 143 ‚167 200 143 ‚077 

1 54 12 6 6 4 7 6 6 4 13 16 4 

2 047 220333 

Mu: 1.000 958 667 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

1 54 12 6 6 4 7 6 6 4 13 16 4 

MPI] 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

| 9 12 6 6 4 7 6 6 4 4 4 4 

MPI2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

| 9 12 6 6 4 7 6 6 4 4 4 4 

PPR 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

3 54 12 6 6 4 7 6 om 4 4 4 2) 

4 1.000 833 833 750 1.000 .857 750 1.000 875 1.000 1.000 1.000 

PGD 167 .167 .250 .143 250 125 

3 54 12 С 6 4 7 6 6 4 13 16 4 

PGMI 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

3 54 12 6 6 4 7 6 6 4 13 16 4 

PGM 2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

2 54 12 6 6 4 1 6 6 4 13 16 4 

3 565 917 1.000 1.000 .625 .786 1.000 667 875 885 1875 1.000 

SDH] 435 083 275 214 333 125 115 125 

| 6 14 8 4 10 16 10 8 8 6 14 10 

2 357 188 275 500 563 600 .438 АШ) ` AER 179 к 

SDH2 1.000 643 813 625 500 438 400 .563 500 667 821 1.000 

1 6 14 8 4 11 16 10 8 8 6 14 10 

2 250 143 325 045 1125 417 571 350 

TPI 750 857 1.000 625 .955 1.000 1.000 .875 1.000 583 .429 650 

2 9 12 6 a 6 4 7 6 6 4 4 4 4 

UPDG 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

| 3 8 4 4 9 9 4 6 4 2 6 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 ` 1.000 
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Table8. Gene frequency data for Dalhousia harrisi. The number of individuals follow the locus name. 

Population 

Spring AI A2 A3 A6 А8 ВІ В2 Са1 Са2 Саз 
Station D4 D9 D2A D10 D11 D73 D74 D25 D78 D76 
Allozyme 

ADH 4 4 6 6 2 1 4 4 4 8 
2 

3 875 875 1000 1000 1000 1.000 1.000 1.000 1.000 1.000 
4 125 125 | 

ALKP 30 32 6 29 5 13 14 45 55 48 
2 018 
3 016 138 154 179 .056 .591 .021 
4 967 984 1.000 845 1.000 692 821 422 200 833 
5 033 154 489 191 135 
6 033 010 
7 017 

AATI 6 6 S 6 3 4 12 9 8 8 
1 1.000 1000 1.000 1000 1000 1.000 1.000 1.000 1.000 1.000 

AAT? 6 6 5 6 3 4 12 9 8 8 
1 125 
2 1.000 1.000 1.000 1.000 1.000 87: 1.000 1.000 1.000 1.000 

ENO 4 4 6 4 3 3 8 8 6 10 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

ESTI 26 30 5 25 6 12 10 49 51 46 
1 442 2233, .900 .180 .250 
2 558 767 100 820 .833 1.000 1750 1000 1.000 1.000 

.167 
EST2 26 30 5 25 4 12 10 49 51 46 

2 1.000 :010 039 043 
3 1.000 967 1.000 1.000 1.000 1.000 .990 .961 957 1.000 
4 .033 

EST3 26 30 5 25 7 12 10 49 51 46 
1 019 017 040 
2 040 071 010 .174 
3 981 983 1.000 900 929 1.000 1.000 990 1.000 826 
4 020 

ЕН 26 30 5 23 4 i} 8 9 6 8 
2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

GAL 26 30 5 25 8 11 8 9 6 8 
1 019 033 
2 981 967 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

GPD 28 32 5 25 4 3 10 9 6 8 
1 1.000 1.000 1.000 1000 1.000 1000 1.000 1000 1.000 1.000 

GPI 26 30 6 25 7 12 10 48 51 48 
2 .010 
2) 083 375 
4 1.000 1.000 1.000 1.000 1.000 9917 1.000 .625 .990 1.000 

HK 6 6 5 6 2 3 6 9 6 8 
2 1.000 1.000 1.000 1.000 1.000 (667 1.000 1.000 1.000 1.000 
3 .333 

HBDH 26 30 6 25 7 12 8 8 6 8 
1 ‚708 .875 
2 1.000 1.000 1.000 1.000 1.000 1202. .125 1.000 1.000 1.000 

IDHI 6 6 5 6 4 3 8 49 51 48 
1 041 
3 1.000 1.000 1.000 1.000 1.000 1.000 1.000 940 1.000 958 
4 010 042 

1.000 



Dalhousie Springs hydrobiids 

Spring А1 А2 
Station D4 D9 
Allozyme 

IDH2 6 6 
1 
А 1.000 1.000 

LAL 26 30 
2 1.000 1.000 

LAP 26 30 
2 
; 1.000 1.000 

LGG] 24 28 
Д 1.000 1.000 

1662 24 28 
2 
j 479 .536 

521 464 
5 
6 
Du 26 30 

1.000 1.000 
"ХИ 26 30 

1.000 
МРП 6 сі 

1 1.000 1. 
MPI2 6 | GC 

1 1.000 1. 
PPR 6 i SS 

2 

$ 750 917 
250 083 

PGD 26 30 
2 

Я 1.000 1.000 

PGM) 26 30 
2 

5 442 317 
558 683 

SS 26 30 
| 1788 
2 212 1.000 

E. 1 21 25 
1.000 1.000 

EU 21 25 
IM Kä 1.000 

2 1 йа 00) In 

D10 

Population 

A8 Bl 
DI] D73 

4 3 

1.000 1.000 

8 11 

1.000 .909 
.091 

6 12 

1.000 1.000 

8 10 

1.000 .700 
200 

A 10 

250 1100 
750 .850 

050 
7 12 

1.000 1.000 
7 12 

1.000 1.000 
3 4 

1.000 1.000 
3 4 

1.000 1.000 
6 4 

1.000 1.000 

7 12 

208 
1.000 .708 

1083 
7 12 

1.000 .958 
042. 

7 12 

1.000 1.000 

5 10 

1.000 1.000 
3 10 

1.000 1.000 
3 4 

1.000 1.000 
4 2 

1.000 1.000 

B2 
D74 

Cal 

D25 

49 

Ca3 Ca5 

101 
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Spring 
Station 
Allozyme 
ADH 

Ca8 

D38 
Са8 
D77 

Call 

D33 

Cal2 

D36 

Population 
Cb4 
D81 

12 

1.000 
12 

Cc3 

D61 

Cc4 

D57 

6 
.167 
.833 
26 



Dalhousie Springs hydrobiids 

Spring Ca7 Са8 
Station D35 D38 
Allozyme 

LGG2 22 25 
2 
3 .820 
2 932 180 

068 
MDH] 52 27 

2 1.000 1.000 
MDH2 52 21 

1 1.000 1.000 
МРП 8 6 

1 1.000 1.000 
MPI2 8 6 

1 1.000 1.000 
PPR 38 6 

2 417 
3 1.000 — 250 

ef 333 
D 52 27 

2 
3 1.000 1.000 

PGMI 52 21 
2 
3 1.000 1.000 

554% 52 27 
1.000 1.000 

эш 10 27 
1.000 1.000 

SDH2 10 27 
! 1.000 1.000 

TPI 8 8 
2 1.000 1.00 

ОРОС 4 6 ° 
1 1.000 1.000 

Са11 

Роршайоп 

Cal2 Сы 
D36  D8l 

19 6 
026 

083 
263 
711 917 
922 i 

1.000 1.000 
52 12 

1.000 1.000 
6 12 

1.000 1.000 
6 12 

1.000 1.000 
38 12 

066 .042 
934 .958 

52 12 

.625 
1.000 .375 
52 12 

1.000 1.000 
52 12 

1.000 1.000 
8 6 

1.000 1.000 
8 6 

1.000 .833 
.167 

6 10 

1.000 1.000 
4 6 

1.000 1.000 

Cb5 Cc4 
D57 

103 
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Population 

Spring Cdl Cd2 Cd3 Cd5 Cd9 Dal Da2 Da3 ры Db2 Db4 El 
Station D40 D80 D79 D63 D71 D56 D45 D44 D31 020  D29A D6 
Allozyme 

ADH 5 2 3 6 4 2 4 7 4 4 4 6 
2 750 
3 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 250 1.000 1.000 

ALKP 7 17 8 5 10 8 28 12 8 10 6 24 
3 357 300 063 083 300 
4 429 559 .875 1.000 700 .938 1.000 917 1.000 700 1.000 .688 
5 2147 хр 125 313 
6 .029 

AATI 6 3 6 5 8 6 6 12 6 10 6 10 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

AAT? 6 3 6 5 8 6 6 12 6 10 6 10 
1 167 
2 1.000 1.000 .833 1000 1.000 1.000 1000 1.000 1.000 1.000 1.000 1.000 

ЕМО 9 2 5 6 6 6 4 11 6 8 6 8 
1 1.000 1000 1000 1000 1000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Е$Т1 9 32 6 5 6 6 26 12 6 10 6 28 
1 111 
2 .889 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Е$Т2 9 32 6 5 6 6 26 12 6 10 6 28 
1 167 
2 111 833 200 
3 889 1.000 1.000 1.000 1.000 1.000 1.000 1.000  .700 1.000 1.000 

EST3 9 32 6 5 6 6 26 12 6 10 6 28 
1 1036 
2 111 200 100 
3 880 .969 1.000 700 1.000 1.000 1.000 1.000 1.000 900 1.000 964 
6 .031 

FH 4 3 6 5 6 6 6 12 6 10 6 26 
2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

GAL 6 32 5 5 6 6 30 12 6 10 6 28 
1 031 900 667 517 800 107 
2 1.000 969 1.000. 100 1.000 333 483 1.000 1.000 200 1.000 893 

GPD 6 3 6 5 6 6 6 12 6 10 6 28 
1 1.000 1.000 1.000 1.000 1.000 1000 1.000 1.000 1.000 1.000 1.000 1.000 

GPI 7 30 5 8 6 6 26 11 6 10 6 26 
2 .143 133 .063 136 
3 3000891125 .833 538 .167 — .300 2083 
4 .857 — .867 .700  .813 1.000 167 462  .864  .833 700 917 1.000 

HK 6 3 5 5 6 6 6 12 6 6 6 6 
2 1.000 1.000 1.000 1.000 1.000  .833 1.000 1.000  .667 1.000 1.000 1.000 
3 .167 .333 

HBDH 7 31 5 6 6 6 26 1 6 10 6 28 
] .196 
2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 804 

IDH] 6 3 6 5 6 6 6 12 6 10 6 8 
2 167 125 
3 1.000 .833 1000 1.000 1000 1.000 1.000 1.000 1.000 1.000 1.000 875 

IDH2 6 3 6 5 6 6 6 12 6 10 6 8 
1 125 
2 1.000 1000 1000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 4875 

LAL 6 32 5 5 6 6 26 12 6 10 6 28 
] 167 
2 833 .969  .700 .800 1.000 917 1.000  .667  .833 700 667 1000 
2 031 300 200 083 333 167 300 333 



Dalhousie Springs hydrobiids 

Spring са ` Cd 
Station D40 D80 
Allozyme 

LAP 11 32 
2 
3 1.000 1.000 

LGGI 9 32 
1 1880 1.000 
2 A1 

LGG2 4 32 
2 .125 
B 125 .094 
4 500 750 
5 125 016 
6 250 016 

МӘНІ 7 31 
1 143 
2 857 1.000 

MDH2 7 31 
1 1.000 1.000 

МРП 7 2 
1 1.000 1.000 

MPI2 7 2 
| 1.000 1.000 

PPR 7 2 
2 
3 1500 1.000 
4 500 

PGD 7 31 
3 1.000 1.000 

PGM1 7 31 
1 

3 1.000 1.000 
PGM2 7 31 

1 

2 1.000 og 
3 081 

SDHI 9 28 
4 232 

1.000 768 
SDH2 9 28 
3 1.000 625 

375 
TP] 7 2 

2 1.000 1.000 
UPDG 2 2 

| 1.000 1.000 

Саз 
079 

Cd5 
D63 

Cd9 
D71 

Population 

Dal 

D56 
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Spring 

Station 
Allozyme 

E2 
D7 

Е5 
D8 

1.000 

E7 
D17A 

1.000 

E8 
D18 

1.000 

Fl 
D54 

1.000 

Population 

F2 
D55 

1.000 1.000 

1.000 1.000 



Dalhousie Springs hydrobiids 

Spring E2 E5 
Station D7 D8 
Allozyme 

LGG1 8 34 
1 1.000 .882 
2 118 

LGG2 8 26 
3 063 077 
4 .188 846 
3 063 

688 077 
МӘНІ 10 30 

1 
2 1.000 1.000 

MDH2 10 30 
1 1.000 1.000 

МРП 10 14 
1 1.000 1.000 

MPI2 10 14 
1 1.000 1.000 

ER 10 14 

2 200 1.000 
Я 650 

150 
PGD 10 26 
2 1.000 1.000 

PGMI 10 30 
1 100 .050 
2 1050 

850 950 
PGM? 10 30 
1 150 761 

850 233 
SDH1 6 34 

2 1.000 1.000 
SDH2 6 34 

1 1750 1.000 
i 250 
5 10 14 

1.000 1.000 
UPDG 6 10 

E7 
DI7A 

ES 
D18 

32 
1.000 

Population 

Fl F2 
D54 D55 

28 25 
.982 1.000 

DIS 

24 25 

am 200 

200 .800 
28 25 

1.000 1.000 

28 25 

1.000 1.000 

8 8 

1.000 1.000 
8 8 

1.000 1.000 

30 8 

183 .250 

750 438 

067 — .313 
26 25 

1.000 1.000 

28 25 

1.000 1.000 

28 25 

.054 

.946 1.000 
30 23 

1.000 1.000 
30 23 

1.000 1.000 

8 8 

1.000 1.000 
6 6 

1.000 1.000 

Ga2 

D5A 

107 

D19 

1.000 
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Table 9. Gene frequency data for Fluvidona centralia. The number of individuals follow the locus name. 

Population 

Spring Сат EI ЕЗ F9 Gal Ga2 Ga6 
Station D70 D62 D23(A+B) D53 D13 D5B р15 
Allozyme 

AATI 4 12 12 8 12 12 4 
1 1.000 1.000 . 1.000 1.000 1.000 1.000 1.000 

AAT2 4 12 12 8 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

ALKP 4 12 10 8 12 12 4 
1 167 
2 1.000 1.000 1.000 1.000 417 708 1.000 
3 583 125 

ЕМО 4 12 12 8 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

ESTI 3 12 12 8 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

EST2 1 8 8 8 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 875 1.000 
2 125 

EST3 1 8 8 8 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

GPI 4 12 12 8 12 12 4 
1 
2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

ӨРТІ 4 12 16 12 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

GPT2 4 12 16 12 12 12 4 
1 1.000 1.000 1.000 
2 1.000 1.000 1.000 1.000 

GPD 4 12 16 12 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

НВОН 4 12 12 8 12 12 4 
1 750 
2 .250 1.000 1.000 1.000 1.000 1.000 1.000 

IDHI 4 12 16 12 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

IDH2 4 12 16 12 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

MDHI 4 12 12 8 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

MDH2 4 12 12 8 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

МРІ 4 12 12 8 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

РРК 4 12 12 8 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

РОМ1 4 12 12 8 12 12 4 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
2 

PGM2 4 12 12 8 12 12 4 
1 
2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
3 

6PGD 4 12 12 8 12 12 4 
1 1.000 1.000 1.000 1.000 .250 417 1.000 

.750 .583 



Dalhousie Springs hydrobiids 

Spring Cdll 
Station D70 
Allozyme 

Eu 4 

2 1.000 
PRD 4 

2 1.000 
3 

ШИ 4 

1.000 
UDPG 4 

Population 

E3 F9 

D23(A+B) D53 

16 12 

1.000 1.000 

16 12 

1.000 .958 
.042 

12 8 
1.000 1.000 
16 12 

1.000 1.000 

Gal 

109 


